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Message from the Acting Director

Forecast SystemsL aboratory Director Alexander E. MacDonal d hasbeen onassignment
at NOAA Research Headquartersfor five of the first seven months of 2003, and so the
pleasant duty of highlighting someof FSL’ srecent accomplishmentsfallstomeasActing
Director.

FSL strivesfor excellencein four major areas: 1) bringing new atmospheric observing
systemstomaturity, 2) devel opingandimproving regional mesoscalemodel sfor detailed
weather predictions, 3) investigating parallel computer architectures as a vehicle for
handling the huge computational demands of environmental models, and 4) devel oping
environmental information systems for a variety of customers, within NOAA and
outside.

In the past year, FSL continued to gather atmospheric observations from disparate
sources in the service of local forecasting and regional modeling. For example, the
number of Cooperative Agency Profilers, most of them sampling theboundary layer, has
growntoover 60. Thenumber of ground-based GPS sitesestimating total columnwater
vapor now exceeds 200. More than 5,000 new surface mesonet observations have been
added to the FSL hourly collection. After performing quality control checks, FSL
forwardsall thesedatato the National Centersfor Environmental Prediction (NCEP) for
usein operational models.

FSL isdevel oping plansfor aglobal observing systemwithmajor insitucomponentsthat
can settle the controversy about long-term tropospheric warming, monitor natural and
anthropogenic atmospheric constituents, and sample the ocean depths. This system
would meet requirementsfor climate monitoring and prediction and also provide much
needed calibration of satellite observationsin remote locations. Thefirst phase of this
program, called " Pacific Plus," would empl oy acombination of unpiloted aircraft, altitude-
controlled balloons, and ocean buoysto sound theatmosphereand water acrossthelength
and breadth of the Pacific.

Gauging the contributions of various observing systems to forecast accuracy is an
important activity. FSL recently completed the modeling and computinginfrastructure
for performing such impact tests. Because commercial airlines, which supply nearly
100,000temperatureandwind reportsper day, arefinancially strapped, andthecontinuity
of the NOAA Profiling Network is threatened, FSL conducted special impact tests,
demonstrating that aircraft and profilers each contributes substantially to forecast
accuracy and that these data are highly complementary.

Severa FSL accomplishmentsinmodelingarenoteworthy. Three-dimensional variational
analysis became operational in the 20-km version of the Rapid Update Cyclein May
2003. Thisopensthedoor to assimilation of many new sourcesof observationsthat were
previously difficulttoaccommodate. A Developmental Test Center isbeing established
inBoulder. FSL,NCAR, and NCEPwill contributestaff and sharecomputing resources.
Theinitial focusof the Test Center will be on the devel opment of the Weather Research
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and Forecasting Model, destined to become both an operational model and a research
vehicle for the larger modeling community. The Federal Highway Administration
supported a collaborative effort between FSL and NCAR to field test a model-based
systemfor snow plow operatorsthat hel psthem decidewhento plow and what chemicals
to spread on the road surface. This Maintenance and Decision Support System was
successfully tested in lowain February and March 2003.

In November 2002, FSL accepted a major upgrade to its high-performance computing
system,comprising 768 nodeswith dual Intel Pentium processorsrated at 2.2 Ghz. Also
duringthat month, it wasranked #8 onthe Top500 List of theWorld' sFastest Computers,
and now serves morethan two dozen external usersrepresenting most of theline offices
within NOAA.

Capitalizing on major development work at FSL, the National Weather Service began
installing two Linux-based workstations at each of its Weather Forecast Officesaround
the country in January 2002. Eventually these workstations will replace the Hewlett-
Packard hardware which inaugurated the Advanced Weather Interactive Processing
System (AWIPS) era. The highly robust Linux was developed in an open-source
environment and runs on nonproprietary hardware.

FSL developedthe FX-Net workstation asal ow-cost aternativeto AWIPSworkstations.
FX-Net can deliver fairly large datasets primarily because of wavelet compression
techniques developed in-house. FX-Net has become the workstation of choice of the
National Interagency FireCenterinBoise, |daho, and at 11 Geographic AreaCoordination
Centersthroughout thecountry. Meteorol ogistsused FX-Net closeto homelast summer
infighting Colorado wildfiresduring an unprecedented drought.

NOAA ScienceOnaSphere (SOS)™ received major exposureduringthepast year. SOS
isapowerful educational tool for projecting geophysical, other planetary, solar, or lunar
data onto a sphere. The current prototypes are 56 feet in diameter. First field tested
with hundredsof studentsandtheir parentsat the Broomfield HeightsMiddle School | ast
summer, SOS has since been an attraction at the annual meeting of the American
Meteorological Society in Long Beach, California, theNOAA Science Center in Silver
Spring, Maryland, and, most recently, at the National Cable and Telecommunication
Associationmeetingin Chicago, lllinois.

For moreinformation ontheaboveitemsand many more, | hopeyouwill browsethrough

the following pages. We are eager to share with you our contributions toward NOAA
research and technology transfer.

T W Gobtsit

Thomas W. Schlatter
Acting Director
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Figure 1. (above) Sandy MacDonald and Doug van de Kamp viewing output from the NOAA Profiler system
and (below) Tom Schlatter checking out the weather at the FSL observatory.  (NOAA Photos by Will von Dauster, FSL.)
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NOAA Science On a Sphere™ Project
David Himes, Senior Software Engineer/Team Leader
(303-497-5447)

Web Homepage: http://www.fsl.noaa.gov/sos
Objectives

Oneof NOAA'sgoalsisto establish an environmental literacy program for educating present and future generations
about the changing Earth and its processes. Science On a Sphere™, a new concept by FSL Director Dr. Sandy
MacDonald, isaNOAA program to develop arevolutionary system for educating the public on the holistic nature of
Earth’ sever-changing oceans, atmosphere, biology, andland. ScienceOnaSphere™presentsNOAA’ sglobal science
in anew and exciting way by providing an engaging three-dimensional representation of our planet asif the viewer
were looking at the Earth from outer space. The system uses a bank of computers coupled with video projectorsto
display animated geophysical and atmospheric information onto the outside of alarge, opagque sphere (Figure 2).
Peoplemovefreely around the suspended sphereto view the scientificimagesasaspeaker providesan interpretation
of theimages and the processes being observed. Some of the early and most popular images include a day-to-night
rotation of the Earth, using high-resolution topography for the daylight side, and DM SP (Defense Meteorol ogical
SatelliteProgram) night light dataon thedark sideof theplanet; global infrared weather imagescompiledfromaseries
of geostationary meteorol ogical satellites; weather prediction model output; climate change simul ations; 600 million
years of plate tectonics; the Sun as seen by the GOES X-Ray Imager; and the surfaces of the Moon and Mars.

Nearly any global data can be displayed on Science On a Sphere™, including the wesather, climate, geology, images
of solar system bodies, or any type of geographical information that covers a large portion of a planet’s surface.
NOAA'’s mission to understand and predict changesin the Earth’ s environment can derive special benefit from the
ability to present its data with a geometry that corresponds to that chosen by nature. In many ways, Science On a
Sphere™ providesanideal way to educatethe publicon many important i ssues, both environmental and economic, that
face NOAA, the United States, and the entire world.

Figure 2. Sudents at two different locations, Washington, D.C. (left) and Broomfield, CO (right),
learning about Science On a Sphere™. (NOAA photos by Will von Dauster, FSL.)
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Accomplishments

Development of Science On a Sphere™ has proceeded in phases at FSL for the past two years. Phase 0 was a proof
of concept that demonstrated the idea of using computer technology, video projectors, and alarge white sphere to
createtheillusionof aplanetrotatinginspace. Phase1built onandimprovedtheunderlying concept to createstriking,
animated images of the Earth’s atmosphere, land, and oceans. Phase 2 development of Science On a Sphere™is
proceeding and will produce a mature, robust visualization system that can be made commercially available for
educational and scientific use across NOAA, K—12 schools, museums, science centers, and other public venues. A
patent application for Science On a Sphere™ has been submitted on behalf of NOAA.

Theinitial Phase 0 prototypewas devel oped inthe summer and fall of 2001, using an Apple G4 withfour video cards,
low-end video projectors, and an acrylic sphere. The system had limitationsin terms of resolution (400 x 400 pixel
imagery) and alow video framerate, along with deficiencies related to mapping and synchronization of the images
on the sphere. However, even with these limitations, the visualizations and overall concept convinced other NOAA
organizationsto invest in the project. The Office of Oceanic and Atmospheric Research (OAR); National Weather
Service (NWS); National Environmental Satellite, Data, and Information Service (NESDIS); and National Polar
Orbiter Environmental Satellite System (NPOESS) provided resources to support the next development stage of
Science On a Sphere™. NESDIS gave additional help and played an important role by providing a freestanding
suspension structure for the sphere, significant support for dataset creation, and indispensable aid in planning and
logistics for conferences and remote events.

The goalsduring Phase 1 development wereto improvethe system by 1) creating additional mediasetsto display on
the sphere; 2) increasing the pixel resolution used by the display system; 3) improving the focus, convergence, and
overall quality of the projected imagery; 4) creating a user interface to control the system; and 5) developing more
portable and scal abl e construction techniquesfor the sphereitself. All of these goalswere achieved to alarge extent
by December 2002.

Phase 1 devel opment culminated in aseriesof presentationsand remote events, starting with aweek-long educational
workshop at Broomfield Heights Middle School (near Boulder) in October 2002 to test theidea: "Can Science On a
Sphere™ be used as ateaching tool?* The system was set up in a science classroom at the school, and for one week,
nearly 500 students (somefuture scientists, no doubt) wereled through exercisesin atmospheric science, geography,
and other earth science disciplines. The reactions from the students during the teaching exercises were fascinating
to observe. They voiced their surprise to see the Earth and other planets at this scale and were very responsive in
the classroom exercises. Some students were so influenced by the presentations and lessons that they were still
discussing science at lunchtime in the cafeteria, a rare event according to one teacher. Parents attending parent/
teacher conferences saw the sphere in the evening as enthusi asti ¢ students showed them what they were learning in
science class.

In December 2002, Science On a Sphere™ was at the NOAA Science Center in Silver Spring, Maryland, for
presentations to NOAA staff and management. Various NOAA groups participating in the program were excited
with the prospect of displaying new NOAA data from their own group on the sphere. Science On a Sphere™ was
exhibited at the Annual M eeting of the American M eteorol ogical Society inLongBeach, California, whereFSL hosted
nearly 2,000 participants from the general public and the scientific community during the week-long conference.
Overall comments and audience reactionswere very positive, with the more common responsethat thisisadramatic
way of looking at thegeographi c and atmospheric processesof our planet and conveyingthat informationtotheviewer.
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M ost recently, Science On aSphere™ was shown at the Department of Commerce’ sHoover Building in Washington,

D.C., (Figure 3) as part of the national program, "Excellence in Science, Technology, and Mathematics Education
Week."

Figure 3. NOAA Administrator Vice Admiral Lautenbacher (top) presenting NOAA's Science On a Sphere™
at the Herbert C. Hoover building in Washington, D.C., and Sandy MacDonald leading a demonstration.

NOAA Photos by Will von Dauster, FSL_.
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Projections

Thenext devel opment phase during 2003 will involve creating an "industry-ready” systemthat can bemadeavailable
commercially through atechnol ogy transfer mechanism. Two versionsof Science OnaSphere™ will becreated. The
version suitable for use in schoolswill comprise asmaller sphere, lower-end computers, and | ess expensive display
technology. Theother version, ahigher-end system, suitablefor museums, conferences, and scientificinstitutionswill
have a corresponding increase in sophistication in terms of overall appearance, computing power, and projection
technology. Additional features planned for implementation during Phase 2 development include:

 Annotation — Provide the ability to draw markers and place text over data being displayed on the sphere.

» Smplified System Architecture — Investigate and implement more compact computers and technology, along
with alighter and easier to assemble display structure, to facilitate setup and reduce the cost of transporting and
assembling Science On a Sphere™ for conferences, workshops, and schools.

» Documentation—Createtechnical documentation and auser manual describing the operation and use of Science
On a Sphere™,

« Display Preparation Package — Develop and provide a software package to convert scientific datato an SOS-
ready format. Provide documentation on SOS data format.

« Real-Time Data Ingest — Provide for real-time dataingest for alimited set of NOAA satellite and model data
productsand devel op an automatic way of distributing Science OnaSphere™ ready imagesfrom acentral facility
to remote Science On a Sphere™ sites.

 Unattended Operational Mode — Build the capability for Science On a Sphere™ to run in an unattended mode
for public display, featuring automatic loading of datawith synchronized audio narration.

« Pole Rotation — Add the ability to display the Earth or other planets at arbitrary angles of rotation. Thisfeature
includestheability to rotatethe Earth so that the pol es can be displayed anywhere on the spherefor easier viewing
and data exploration.

The continued successof NOAA Science On aSphere™ isdependent on the support of NOAA and other government
organizations, industry, and the private sector. Early andfuturedevel opment of the systemisal so supported by avery
dedicated, capable team at FSL under the leadership of Sandy MacDonald.
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Office of the Director for Administration and Research
F. James (Jim) Holitza, Director (303-497-6242)

Web Homepage: http://mwww.fsl.noaa.gov

SandraJ. Aschert, Administrative Officer, 303-497-6803
SandraJ. Chandler, Budget Analyst, 303-497-6282
Sybil A. Ennis, Administrative Technician, 303-497-4134
FredricN. Gould, Computer Specialist, 303-497-6861
Penny L. Granville, Budget Analyst, 303-497-6108
PhyllisL. Gunn, Program Analyst, 303-497-6625
Tracy L. Hoy, Inventory Control Technician, 303-497-6912
RhondaK. Lange, Visitor Information Specialist, 303-497-6045
Bernard A. Metz, Computer Specialist, 303-497-6746
Gail E. Widger, Administrative Assistant, 303-497-3090

(The aboveroster, current when document is published, includes government,
cooperative agreement, and commercia affiliate staff.)

Address: NOAA Forecast Systems Laboratory
Mail Code: FSA
Skaggs Research Center
325 Broadway
Boulder, Colorado 80305-3328

Figure 4. Sunset showing the transformation of a contrail in a cloudy sky. (Photographer unknown)
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Background

FSL, established in October 1988, is one of 12 research laboratories under the Office of Oceanic and Atmospheric
Research (OAR) of the National Oceanic and Atmospheric Administration (NOAA), within the Department of
Commerce. Themission of FSL istotransfer new research findingsin atmospheric, oceanic, and hydrol ogic sciences
to the operational elementsof NOAA and other domestic and foreign organizations. 1t conducts programs (involving
the following activities) to integrate, evaluate, and apply developmentsto information and forecast systems.

* Exploratory System Devel opment — Anticipate requirements for NOAA's operational services and
devel op conceptsin cooperationwith operationsspeci aliststo meet theserequirements. Testtheutility
of these concepts in environmental information and prediction systems for operations and data
management.

» Research Applications — Conduct applied research toward improved forecasting capabilities.
Capitalize on technological advances and improved understanding of the atmosphere-land-ocean
environment to develop improved techniques for geophysical observations, more effective data
assimilaton, and more accurate prediction models.

» System Validation — Use real-time and archived data to test and evaluate hardware and software
systems and their diagnostic and predictive output.

* Technology Transfer —Work directly with usersin expediting the transfer of new techniques and
systemsto operational use. Pursuegoal stoward effectivedissemination of environmental information
tofoster highly informed decision-making.

Organization

The Office of the Director manages FSL, in addition to special research programs conducted within the laboratory.
The Office of Administration and Research, under the Office of the Director, provides management support,
administrativesupport ledby an Administrative Officer, I T support, contract administration, andvisitor andinformation
services (Figure 4).

The Information and Technology Services (ITS) is also under the Office of the Director. The FSL Chief
Information Officer managesthel TS, whichisresponsiblefor thecomputers, communi cationsand datanetworks, and
associated peripheralsthat FSL staff use to accomplish their research and systems development mission. The FSL
Central Facility comprises dozens of computers ranging from workstations and servers to a High Performance
Technologies, Inc. (HPTi) supercomputer. Thefacility containsawidevariety of meteorol ogical data-ingest interfaces,
storagedevices, local - and wide-areanetworks, communicationslinksto external networks, and display devices. Over
700 Internet Protocol-capable hosts and network devices include Unix hosts, PCs and Macintoshes, and network
routers, hubs, and switches. These hardware and associated software enable FSL staff to design, develop, test,
evaluate, and transfer to operations advanced weather information systems and new forecasting techniques. Data
and products are also provided for research activities at other NOAA Research Laboratories, the National Center for
Atmospheric Research (NCAR), and university laboratories.

Six divisions carry out the research and devel opment activities, asfollows.

The Forecast Research Division (FRD) is home to most of the research in FSL on short-range
forecasting and small-scaleweather phenomena. High-resolutionnumerical model saredevel oped by
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scientistsin FRD to support the NWSand the aviation community with accurate short-rangeforecasts
based on the latest observations. The Rapid Update Cycle (RUC), an operational system within the
National Weather Service (NWS), provides hourly updated national-scale numerical analyses and
forecasts. The portable Local Analysis and Prediction System (LAPS) can integrate data from
virtually every meteorological observation system into a very high-resolution gridded framework
centered on any operational forecast office's domain of responsibility. The quasi-nonhydrostatic
multiscale model has been developed for use on any scale of motion. Scientists in FRD are also
participating in the development of the Weather Research and Forecast (WRF) model, a next-
generationmesoscal ef orecast model and assimilationsystemthat will advanceboththeunderstanding
and prediction of important mesoscale weather. The Global Air-ocean IN-situ System (GAINS)
program is developing a global sounding system, particularly over data-sparse regions, such as the
oceans. Dynamical studies of mesoscal e processes are conducted to improve understanding of the
atmosphere. These studiesinclude analysis of turbulence measurements from special field observa-
tions, and the analysis of data from the International H,O Project (IHOP-2002) to improve
understanding of the mesoscal e variability of water vapor and apply thisknowledgeto improving the
prediction of warm-season precipitation events. Research-quality datasets are also developed to
improve mesoscal e analysis, data assimilation methods, and numerical weather prediction systems.

TheDemonstr ation Division eval uatespromising atmospheric observing technol ogiesdevel oped by
NOAA and other federal agencies and organizations and determines their value in the operational
domain. Activities range from the demonstration of scientific and engineering innovations to the
management of new systemsand technologies. Current activitiesincludethe operation, maintenance,
and improvement of the NOAA Profiler Network (including three sitesin Alaska), which provides
reliable hourly observations of windsfrom the surfaceto thelower stratosphere. The Radio Acoustic
Sounding System (RA SS) technique has been demonstrated and proved beneficial for remote sensing
of temperatures at profiler sites. A more recent project, the GPS-Met Demonstration Network, has
shown that the addition of ground-based GPS water vapor observations to a numerical weather
predictionmodel improvesforecast accuracy, especially under conditionsof activeweather. Wind and
temperature data from Cooperative Agency Profilers operated by other organizations are also
collected and distributed for research and operational use.

The Systems Development Division works closely with other FSL groups in providing technical

expertise on functional specifications for new workstation and interactive display systems. FSL's
continuing support to AWIPS includes an exploratory development project called FX-Collaborate
(FXC), which providesinteractive features such as drawing and annotation tools, a chatroom, and a
capability for sharing local datasets between sites. FXC applications include weather forecast
coordination between offices, classroom training, briefingsfrom NWSto other government agencies,
field experiment support, and research coordination. Other systemsinclude the Quality Control and
Monitoring System (QCM S) which providesusersand suppliersof hydrometeorol ogical observations
withreadily availablequality control statistics. Two surfaceassimilation systems, theMAPS Surface
AnalysisSystem (MSAS) and the Rapid Update Cycle Surface Assimilation System (RSAS), provide
direct measurements of surface conditionsand givecrucial indicatorsof potential for severeweather.
Inaddition, theM eteorol ogical Assimilation Datal ngest System (MADIS) providesquality-controlled
observations and data access software to university and government data assimilation researchers.
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FSL initiatedtheM ADI Sproj ect to expand avail ability of val ue-added observationssuch asradiosonde,
automated aircraft, wind profiler, and surface datasets. The MADIS API also provides accessto all
observation and QC information in the FSL database and other supported meteorological databases.

The Aviation Division promotes safer skies through improved aviation weather products. In
collaborationwiththeNWS, Federal Aviation Administration (FAA), Department of Defense(DOD),
and Department of Transportation (DOT), it provides improved weather forecasting, product
visualization, and verification capabilities to civilian and military forecasters, pilots, air traffic
controllers, and airline dispatchers. Through research and development of high-performance
computing, the Aviation Division also ensures continued improvement of high-resolution numerical
weather analysis and prediction systems.

The Modernization Division specifies requirements for advanced meteorological workstations,
product and technique development, and new forecast preparation concepts and techniques. It
managesthedevel opment andfiel ding of advanced prototypemeteorol ogical systemsinto operational
NWS forecast offices, and performs objective evaluations of these operational systems. The
Modernization Division playsamajor rolein development and operational use of AWIPSat over 100
NWS forecast offices. It provides management and direction for research in the latest scientific and
technical advances, with special emphasison their potential application to operational meteorology.

Thelnternational Division overseesinternal development of systemsintended primarily for global
or international application. Itisinvolved in severa international cooperative technology transfer
agreements, such asimplementation of atotally updated forecast center at the Central Weather Bureau
(CWB) of Taiwan and development of a Forecaster's Analysis System for the Korea Meteorological
Administration(KMA). Thesemultiyear programsprogressively benefit fromadvancesinapplication
development. Thedivision aso supportsthe GLOBE (Global Learning and Observationsto Benefit
the Environment) Program, whichiswidely recognized asone of themost successful international K—
12 education and science programsof itskind. Sinceitsinception 8 yearsago, the Program hasgrown
fromaninitial 450 U.S. GLOBE schoolsto morethan 12,000 participating school srepresenting over
half the countries of theworld. GLOBE students conduct alarge variety of scientific meausrements
and usethe Internet to send their findingsto acentral database. The GLOBE database contains more
than 8 million records of atmospheric, soil, biologic, and hydrol ogic measurements that are used by
researchersand studentsin numerous experiments. TheInternational Divisionisalsoinvolvedinthe
development of a real-time meteorological PC workstation called FX-Net. Based on a modified
AWIPS D2D workstation, FX-Net makes AWIPS products available over the Internet via high and
low bandwidth communication lines. Thelatest compression technologiesare applied by FX-Net in
order to reduce the product file sizes with minimal loss of information. Knowledge gained during
research conducted in the area of wavel et compression technology isthe underpinning of the FX-Net
workstation. The International Division further expanded the research of wavelet compression into
the domain of gridded model forecast fields. A method was devel oped to compress model gridswith
a prescribed maximum alowable error for each model parameter at al grid points. Wavelet
compression studies conducted on the Eta 12-km forecast model delivered significantly better
compression ratios than what conventional compression techniques can achieve for the same
maximum error.
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Staffing

FSL isstaffed by acombination of Civil Service employees, Joint Institute staff, Commercia Affiliates, and Visiting
Scientists/Guest Workers. The two Joint Institutes that support FSL are the Cooperative Institute for Research in the
Atmosphere (CIRA), Fort Callins, Colorado, and the Cooperative Institute for Research in Environmental Sciences
(CIRES), Boulder, Colorado. FSL isal sosupported by oneCommercia ServiceAffiliate, the SystemsResearch Group,
Inc., Colorado Springs, Colorado. Asof October 2002, FSL empl oyeestotaled 216inthefollowing categories: 92 Civil
Service(includingl NWSemployee), 70 Joint Ingtitutes(53from CIRA and 17 from CIRES), 43 Commercid Affiliates,
and 11 Visiting Scientists/Guest Workers (Figure 5).

Visiting Scientists/Guest Workers

Joint Institutes 11 Commercial Affiliates
70 43

f

Civil Service
92

Figure 5. Categories of F.'s 216 employees as of October 2002.

Funding

Fundingfor FSL isreceived fromavariety of sources. For Fiscal Y ear 2002, FSL received $27.9M fromthefollowing
sources: $9.1M —NOAA's Office of Atmospheric Research (OAR) base funds, $12M — other NOAA funds, $5.4M
—U.S. Government outside NOAA, and $1.4M — Non-Federal (Figure 6). The main components of "other NOAA
funds® included $3.1M —NWS, $5.1M toward the purchase of aHigh-Performance Computer System and for research
utilizing this system, and $1.6M for support of other NOAA projects. Other U.S. Government sources of funding
included the Federal Aviation Administration (FAA) and Federal Highway Administration (FHWA) from the
Department of Transportation (DOT), the Air Force and Army from the Department of Defense (DOD), the U.S.
Forest Service (USFS) from the Department of Agriculture (DOA), the Bureau of Land Management (BLM) from
the Department of the Interior (DOI), the Department of Energy (DOE), and the National Aeronautics and Space
Administration (NASA). Funding was also received from the Taiwan Central Weather Bureau (CWB), the Korea
Meteorol ogical Administration (KMA), and Lockheed Martin.
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Other NOAA

/ $12.0M

Non-Federal
Figure 6. Funding sources totalling
$27.9M for Fiscal Year 2002.
Other U.S. Government NOAA/OAR Base
$5.4M $9.1M
Visitors

TheVisitor and Information Services program supportsNOAA's educational and outreach goals. Toursandvisitsare
scheduled with appropriate FSL staff to match special interestsof thevisitors. Theseservicesareprovidedfor visitors
from schools, the genera public, government, private sector, and foreign countries. During 2002, the Office of
Administrationand Researchaccommodated at | east 1,452 visitors(Figure 7), notincluding visitsarranged directly with
FSL staff outside this office. The largest category, 645 visitors came from the federal government. Other visitors
included 373 from academia, (educators and students), 205 from the general public, 101 from the private sector, and
128fromforeigncountries, including Taiwan, Singapore, Korea, China, Hong Kong, Columbia, New Zeal and, Japan,
and Australia

(Anyoneinterested in visiting FSL may contact Rhonda Lange at 303-497-6045 or
by email at Rhonda.K.Lange@ noaa.gov.)

Education Government
373 645

Figure 7. Categories of the 1,452
recorded visitors during 2002.

Foreign \

Countries Private Sector General Public
128 101 205
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Information and Technology Services
Peter A. Mandics, Chief Information Officer
(303-497-6854)

Web Homepage: http://mwww-fd.fsl.noaa.gov

Mark D. Andersen, Senior Database Analyst, 303-497-6518  Paul Hyder, Professional Research Asst., 303-497-6656
Jonathon B. Auerbach, Computer Operator, 303-497-3760 Peter Lannigan, SystemsAdministrator, 303-497-4639
JoanM. Brundage, Deputy Chief Info. Officer, 303-497-6895  Robert C. Lipschutz, Production Control Mgr., 303-497-6636
Joseph R. Carlson, Professional Research Asst., 303-497-6794 ChrisMacDermaid, DataSystemsGroup L ead, 303-497-6987
LeeM. Cohen, Professional Research Asst., 303-497-6052 DebraJ. Martinez, Secretary OA, 303-497-6109

Michael A. Doney, FSL Network Manager, 303-497-6364 Chuck Morrison, SystemsEngineer, 303-497-6486

SteveJ. Ennis, Network Engineer, 303-497-6372 EdMoxley, SystemsAdministrator, 303-497-6844
LeslieA.Ewy, SystemsAnalyst, 303-497-6018 Scott T. Nahman, LogisticsMgt. Specialist, 303-497-5349
JoagquinFelix, SystemsAdministrator, 303-497-5267 GlenF. Pankow, SystemsAnalyst, 303-497-7028

Paul Hamer, SystemsAnalyst, 303-497-6342 JohnV. Parker, FSL I T Security Officer, 303-497-5124
Huming Han, Computer Operator, 303-497-6862 Gregory M. Phillips, L ead SystemsAdmin., 303-497-7685
ChrisHarrop, Associate Scientist , 303-497-6808 Peter Rahm-Coffey, Computer Operator, 303-497-7341
LeslieB. Hart, Jet Management Team L ead, 303-497-7253 Richard Ryan, SystemsAnalyst, 303-497-6991

Y engHer, Computer Operator, 303-497-7339 Robert Sears, Network Engineer, 303-497-4226

Patrick D. Hildreth, Computer Operator, 303-497-7359 AmendaB. Stanley, SystemsAnalyst, 303-497-6964
Forrest Hobbs, HPTi Program M anager, 303-497-3821 Sarah E. Thompson, SystemsAdministrator, 303-497-6024
KeithG. Holub, SystemsAdministrator, 303-497-6774 Dr.CraigC. Tierney, SystemsEngineer, 303-497-3112

AraT.Howard, Professional Research Asst., 303-497-7238  Cristel VanLeer, Computer Operator, 303-497-7537
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Objectives

The Information and Technology Services (ITS) manages the computers, communications and data hetworks, and
associated peripheralsthat FSL staff use to accomplish their research and systems-development mission. The FSL
Central Facility comprisesover 60 Sun Microsystems, Inc., Silicon Graphics, Inc. (SGI), Hewlett-Packard (HP), and
Dell computersranging fromworkstationsand serverstoaHigh Performance Technol ogies, Inc. (HPTi) supercomputer.
Thefacility also containsavariety of meteorol ogical data-ingest interfaces, storage devices, including the FSL Mass
Store System (M SS), local - and wide-areanetworks, communi cationslinksto external networks, and display devices.
Over 500 I nternet Protocol (IP)-capable hosts and network devices are connected to the FSL network. They include
Unix hosts, PCsand Macintoshes, and network routers, hubs, and switches. These hardware and associated software
enable FSL staff to design, develop, test, evaluate, and transfer to operations the advanced weather information
systems and new forecasting techniques.

Thegroup designs, devel ops, upgrades, administers, operates, and maintainsthe FSL Central Computer Facility. For
the past 22 years, the facility has undergone continual enhancements and upgrades in response to changing and
expanding FSL project requirements and new advancesin computer and communicationstechnology. Inaddition,
ITS lendstechnical support and expertiseto other federal agencies and research laboratoriesin meteorological data
acquisition, processing, storage, distribution, and telecommunications.

The Central Facility acquires and stores alarge variety of conventional (operational) and advanced (experimental)
meteorological observations in rea time. The ingested data encompass almost all available meteorological
observationsin the Front Range of Colorado and much of the available datain the entire United States. Dataare also
received from Canada, Mexico, and some observations from around the world. The richness of this meteorol ogical
databaseisillustrated by such diversedatasetsasadvanced automated aircraft, wind and temperatureprofiler, satellite
imagery and soundings, Global Positioning System (GPS) moisture, Doppler radar measurements, and hourly surface
observations. The Central Facility computer systems are used to analyze and process these datainto meteorol ogical
productsin real time, store the results, and make the data and products avail able to researchers, systems devel opers,
andforecasters. Theresultant meteorological productscover abroad rangeof complexity, from simpleplotsof surface
observationsto meteorol ogical analysesand model prognosesgenerated by sophisti cated mesoscal ecomputer models.

Accomplishments
Central Computer Facility

FSL High-Performance Computer System — During 2002, a 48-processor testbed system based upon the Intel
Pentium 1VV-Xeon chip was deployed to evaluate the software and hardware issues associated with an Intel-based
cluster for thefinal upgradeof theHigh-Performance Computing System (HPCS). Thedisk subsystemwasupgraded
to provide an additional 5.76 Terabytes of usable space. The Portable Batch System (PBS) was replaced with Sun's
Grid Engine (SGE) to improve batch services on the HPCS. This change was necessary since FSL's job load had
increased to thousands of jobs per day, and the PBSwasnot designed to handle such aheavy load. Thecomputational
core of the HPCS underwent athree-phased upgrade last year. Phase | involved the delivery of two 64-node clusters
of dual-processor Pentium |V -X eonsystems(atotal of 256 CPUs). During Phasel |, the 256 single-processor Compaq
Alphasystems (fromtheinitial delivery) were decommissioned. Phaselll involved the delivery of three morelntel-
based clusters, one 128-node cluster, and two 256-node clusters, raising the HPCS to 280 Alpha CPUs and 1,536
Pentium I V-Xeon CPUs(Figure8). Stepsweretakentoensurethereliability of the HPCS, including thedevel opment
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of asophi sticated monitoring system with ascreen that showsthe status of the HPCS compute and file systems, chron
servers, front-ends, and user activity (Figure 9).

Figure 8. An example of newly
installed equipment (280 Alpha
CPUs and 1536 Pentium | V-Xeon
CPUs) in the Phase 1l upgrade
of FSL's High-Performance
Computing System.
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Figure 9. Monitoring screen showing the status of HPCS systems activity.
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ITS continued its support of at least 40 projects on FSL's supercomputer Jet. The HPCS provides computational
capability for numerousmodeling effortsrel ated to the atmosphere, ocean, climate, and air quality, which arecarried
out by FSL and non-FSL researchers. For example, several Joint Institutes, OAR (NOAA's Office of Atmospheric
Research) laboratories including the Environmental Technology Laboratory (ETL), Aeronomy Laboratory (AL),
National Severe Storms Laboratory (NSSL), and the NWS National Centers for Environmental Prediction (NCEP)
all take advantage of the HPCS.

FSL Mass Sore System (MSS) — Major upgrades were made to the Mass Store System to correct reliability and
performance problems. Thiswas necessary primarily because the large database maintained by Advanced Digital
Information Corporations's (ADIC) FileServ Hierarchical Storage Management (HSM) software had compromised
performance, and Sony's Advanced Intelligent AIT-2 drives and cassettes had become unreliable. First, stepswere
taken to stabilize the MSS by upgrading the ADIC FileServ/V ol Serv Hierarchical File System (HFS) software and
server operating system. A major upgradewasimplemented | ater that includedinstall ation of anadditional, compl etely
new HFS, whichlogically splitthe ADIC AML/Jautomated storagelibrary robot into two virtual robots. Theoriginal
FileServ/V ol Serv-based system continuesto functioninaread-only modewith 1,232 Sony Al T-2tapeslotsand 4 Al T-
3tapedrives. The new HFS, based on a Sun SunFire 480 server running ADIC's StoreNext software, features|,040
Linear Tape-Open (LTO) tapeslotsand 8 IBM LTO tape drives. Two 600-Gigabyte managed file systems (caches)
were also provided, one dedicated to real-time data ingested by the Central Facility and the other available for user
data. Thenew HFShassignificantly increased speed andreliability. Major enhancementswereal so madetothe FSL -
developed tools for accessing the MSS.

Central Facility Systems Enhancements and Cost Savings— A major ongoing project in I TSinvolves defining ways
to cut costsin the FSL Central Facility. Toward thisend, I TS system administrators have decommissioned several
older systems with high maintenance costs after moving to newer, less expensive systems. Central administration
processes are being implemented for most Unix systemsto cut system management costs. The printing systemshave
been reconfiguredtoincreasereliability and offer better serviceto users. Theseactivitiesallow system adminstrators
more time to address other important issues.

System administratorsbecamefamiliar with Sun's Sol aris9 operating system (OS) beforemoving systemstothenewer
OS. A usedtestbed system was procured and configured, and standard Solaris 9 installation procedureswere defined
and implemented. With the exception of systems running software that requires Solaris 8, new (replacement) Sun
systems and rebuilds of current Sun systems have been placed on the more secure Solaris 9 platform, increasing
security and decreasing system administrator time.

Another effective cost-cutting measure included devel oping more efficient use of existing resources. FSL's central
datarepository employing a Network Appliance, Inc. filer (NFS server) isagood example. Thisfiler had become
excessively overloaded, and often failed to respond to real -time data-access needs. Anintensive mitigation project
was implemented to reduce unnecessary load on this costly resource, avoiding (or at |east postponing) the need to
procure a new system.

FSL system administrators have been applying an unending stream of security related patches and upgrades. Itisa
major task to keep multiple versions of six different operating systems (Sun, Solaris, Linux, SGI IRIX, Microsoft
Windows, etc.) patched and up to date.

The FSL mail lists were converted to NOAA Enterprise Messaging System (NEMS) groups. The names and des-
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criptions of these groupsare now visibleinthe NEM Sdirectory, and conform to the NOAA enterprise mail strategy.
Also, most of thelaboratory wastransferred to the main FSL mail server, eliminating miscellaneous mail serversand
improvingmail-handlingreliability.

FSL PC Administration — The FSL Windows 2000 network was stabilized. Server logs containing errors and
configuration problems related to Domain Name System (DNS) issues were corrected and updated. Prior to these
upgrades, users were experiencing logon failures and connectivity outages. FSL's domain serverswere rebuilt and
patched with all known fixes and service packs, and are now running smoothly.

Network maintenance on the server level aso included an upgrade to the antivirus software and afull rollout of the
updated software to all PCs on the FSL network running the Windows operating system.

An additional 25 machines from the FSL International Division were transferred to the FSL PC Administrator.
Network management software suiteswereeval uated to help managetheincreasing number of PCs. ThelBM Tivali
suite was chosen for its ability to control, update, and administer windows computers remotely.

PC security and systems patching remained a high priority throughout the year. Systemswere kept up to date using
Microsoft's Windows Update Utility. Also, the Microsoft Security Baseline Advisor was used to constantly monitor
for security holes on all Windows networked machines.

The PC administrators' day-to-day tasks included support for various problems involving hardware and software,
failedlogons, password changing, disk problems, printing errors, drivefailures, RAM issues, programerrors, security
updates, E-mail, OS rel oads, backup configurations, dial-up accounts, datarecovery, and network connectivity.

Systems Support and Computer Operations — The Systems Support Group (SSG) maintains a log (utilizing the
FSLHelp System) that provides effective communication among the SSG staff, ITS Data Systems Group (DSG),
system and network administrators, and other essential staff. The SSG log providesahigher level of serviceto FSL
usersindealingwiththenumerous, variedissuesrespondedtoonadaily basis. Thislogalso offers, among other things,
ameans for recording the history of events and tracking the procedures used to correct problems. During the year,
about 2,170 1ogticketswereinitiated and resolved. Inaddition, approximately 154 customer FSLHelp requestswere
processed for data compilations, file restoration, account management, video conferencing, and other requests
requiring operator assistance.

TheWeb database used to document the proceduresfor maintaining the Central Facility hasgrownto 131 documents.
New procedures and updated information require continual refinements, corrections, and updatesto the documents.
Good documentation, inturn, providesoperatorsthemeansto troubl eshoot and resol veissuesinvol ving real -timedata,
Central Facility equipment, and customer queries. The improved efficiency and consistency resulted in shorter
downtimes and faster response to users.

SGG staff renewed effortsto provide assi stanceto system administrators, when feasibl e, in user account maintenance
(such as adding/removing accounts) and other special projects on an as-needed basis.

The SSG weekly schedule was adjusted so that the lead operator could be more available during busier days. Also,

overlap days, when three operators were on duty at once, were more spread out. This allows more time for special
projects, facilitates flexibility in group training, and hel ps reduce overtime when operatorstake |eave.
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To accommodate 24-hour/7-day onsite support and augment staffing during emergencies, an emergency operator
coverage planwasimplemented which outlinesthe course of actionto betakenwhen emergency coverageisrequired.
Also, because of staff departures, and to ensure shift coverage, two full-time operators were hired and trained.

The SSG oversaw and monitored the daily laboratorywide computer system backups, with ~300 GB of information
written each night for ~260 FSL client systems. Quarterly offsite backupswere successfully completed ontime. The
tape rotation for quarterly offsite backups was increased to provide individual machine backups for up to one year.

In coordinationwiththe Data Systems Group, numerousnew productsand critical systems(suchasFireWeather data
servers, Temperature and Air Quality; TAQ systems, and RUC/RSAS (Rapid Update Cycle and the RUC Surface
Assimilation System) backup were added to the Facility Information and Control System (FICS). To support these
additions, several critical support documents and SSG Help documentation were updated so that the basic functions
of the SSG (monitoring, troubleshooting, and discussing real -time dataissues) are properly maintained.

A renewed emphasis placed on proper procedures for notifying data end-users (customers) resulted in updated
documentation and other assistancetool s (e.g., flow diagramsto ensure consistency within the SSG in thisimportant
area of customer service. The FSL Central Facility Data Availability Status Webpage was updated, and so was the
tool that creates updates to thisimportant customer information source.

A new feature was added to FICS that monitors product delivery to the NWS Telecommunications Gateway servers,
in support of continued FSL backup of RUC/RSAS products for NWS/NCEP. The SSG online documentation was
updated, and other assi stance material sand tool sweredevel oped and implemented. Theseimprovementsensured that
SSGismoreproactiveand responsivein monitoring and communicating about FSL RUC/RSA Sproductionand delivery
to NCEP.

To keep well informed of computer security issues and maintain compliance with DOC, NOAA, and OAR security
guidance, SSG staff took the NOAA IT online Security Awareness training, and also completed the online, in-depth
SANS (SysAdmin, Audit, Network, Security) Institute Security training course. All SSG staff received ongoing, in-
depth training on the main computer room VESDA Smoke Detection System and FM-200 Fire Suppression System.

Facility Infrastructure Upgrades — FSL underwent two substantial infrastructure upgrades to address the power,
cooling, and space requirements of thefinal upgrade to the High-Performance Computing System. Every effort was
made to implement the infrastructure upgrades with minimal downtime to existing equipment and FSL users.

Thefirst infrastructure upgrade invol ved the expansion of the Central Facility Annex. An office and a storage room
wererel ocated to add spacefor the computer room next door. Thewallssurrounding the new computer room required
extensive sound mitigation work to meet the American Society of Heating, Refrigeration, and Air-Conditioning
Engineers (ASHRAE) noise protection criteriafor private offices. Surrounding walls were extended deck to deck,
and an Uninterrruptible Power Supply (UPS, Figure 10) wasinstalled to provide short-term backup power. A ramp
wasinstalled to raise the floor to 12 inchesin support of anew dedicated CRAC (Computer Room Air Conditioner)
unit.

To create space for the final upgrade, older racks and equipment were moved from the main computer room to the

new annex. Thefinished Central Facility Annex (Figure 11) wasthenfully certifiedinaccordancewith National Fire
Protection Association standards.
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Figure 10. Uninterruptable Power Supply
(cabinets to the left) and the GOES ground-
station rack (tall, black unit toward the back)
in the new Central Facility Annex.

Figure 11. (upper left) Forecast Research
Division compute servers, (right) Network
equipment row, (lower left) one of four CRAC
(Computer Room Air Conditioner) units in the
Central Facility.
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The second infrastructure upgrade brought the Central Computer Facility up to original specifications by increasing
the cooling capacity to 120 tons and emergency UPS electric power to 300 kVA. Four 15-ton CRAC units were
replacedwith four 30-tonunits. Chilledwater piping modificationsand leak detection upgradeswererequired aswell
as floor tile cutouts and stronger underfloor supports. Additional power distribution panels and larger power
transformerswere also installed to support the increased electrical requirements. The Emergency Power Off (EPO)
bypass capability was separated from the FM-200 Fire Suppression bypass switchin order to perform functional FM-
200 Fire Suppression testing and mai ntenance without powering down the entire computer room. Finally, 28 legacy
HPCS computer racks were removed and 48 new HPCS final upgrade racks were installed. The implemented
specifications for the main computer room and the annex are shown in Table 1.

FSL Network

Key enhancementswere madeto the FSL |ocal areanetwork (LAN) in 2002, with theintegration of Gigabit Ethernet
(GigE) and Asynchronous Transfer Mode (ATM) technol ogiesand implementation of hardware-based routing. Two
Cisco 6509 switch/routers were installed to make it possible to combine GigE and ATM, thus maintaining the fully
meshed high-speed (622-Mbps) connections to core network devices and servers. The core network was aso
augmented with 1,000-M bps GigE connections, and GigE links were provided to the FSL HPCS and new high-end
servers. The Cisco 6509s increased switching performance in the two computer rooms from 20-32 Gbps. Other
legacy switching devices (in the wiring closets) serving user workstations were replaced with 20-Gbps switches.

Table 1.
Specificationsfor Upgraded FSL Central Computer Facility and Annex

Main Computer Room

Dimensions: 3,600 sgquare feet; 12-inch Raised Floor; 8-foot, 6-inch Ceiling Height
Capacity: 142 Racks
Access: Restricted
Power: Utility with Emergency Generator Backup
Transient Voltage Surge Suppressor (TV SS) Protected, Emergency Power Off (EPO) Switch Protected
UPS: 300 kVA (Useable), 8-minute Runtime (Full Load), and Semiannual Preventive Maintenance

Cooling Capacity:

Fire Protection:

90-tons Downdraft (De-rated for altitude)

FM-200 Fire Suppression System (Tied to EPO), VESDA Fire Detection System, Semiannual Preventive
Maintenance, Semiannual Operational Training, Cerberus Smoke Detection System (GSA Notification),
Sprinkler System (155°F trigger point), CO2 Portable Fire Extinguishers (Class B & C Fires)

Cleaning: Semiannual Professional (Above and Below Floor)
Annex Computer Room
Dimensions: 1,100 sguare feet; 12-inch Raised Floor, 8-foot; 6-inch Ceiling Height
Capacity: 46 Racks
Access: Restricted
Power: Utility with Emergency Generator Backup, Transient Voltage Surge Suppressor (TV SS) Protected
Emergency Power Off (EPO) Switch Protected
UPS: 90 kVA (Useable), 8-minute Runtime (Full Load), and Semiannual Preventive Maintenance

Cooling Capacity:

Fire Protection:

Cleaning:

23-ton Downdraft (De-rated for atitude)

5-ton Fan Coil (In Standby until Temp >78°F)

Cerberus Smoke Detection System (Tied to EPO), Sprinkler System (155°F trigger point),
CO2 Portable Fire Extinguisher (ClassB & C Fires)

Semiannual Professional (Above and Below Floor)
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The ability of two Cisco 6509s to perform hardware-based routing represents a substantial improvement over the
previous configuration of 5 Marconi PowerHub software-based routers for the 35 active networks at FSL. Figure
12 shows the upgraded network configuration.

Themanagement of redundant path routing wasal soimproved withimplementation of theVirtual Router Redundancy
Protocol (VRRP). Cisco's version of VRRP, the Hot Standby Router Protocol (HSRP) now provides one virtual
default router address for each network, with automatic failover to the secondary router when needed. Redundant
routeswere previously managed at both the network and host level, which yielded an unnecessary burden on servers
andworkstations. Theadvent of HSRPat FSL hasoffloaded thisburden from FSL hosts, freeing up valuable memory
and CPU cycles, and placing theresponsibility for network redundancy back inthenetwork. Theaddition of oneother
protocol wasalsoimportant for accomplishingtheintegrated ATM/GIgE network at FSL. TheSpanning TreeProtocol
(STP) wasenabled to help mitigateloopsinthe network. Because of thedual natureof our ATM/GigE network, there
areloops present by design, and without STP, loops can quickly render Ethernet networks unusable.

During 2002, network serviceswereprovided for 207 FSL staff. Thenetwork utilized 532 total links, comprising 482
user (workstation and server) links and 51 network device links. The number of user linksincreased by 50 over the
last year. The number of network device links decreased by 30 because routing services were consolidated and 14
small network switcheswere replaced with four better performing deviceswith ahigher capabity for user ports. Port
capabity availablefor network growth reached 18%, and 146 free ports were distributed across FSL computer rooms
and wiring closets. All network routers and switches were running at an average CPU utilization of 13%, with the
highest at 26% on the primary switch between FSL and the NOAA Boulder Network. A substantial improvementin
routing efficiency wasrealized over last year. ThePowerHubrouterswereexhibiting 100% utilization at times, resulting
inpoor routing performanceuntil they wererepl aced with the Cisco 6509 routers, which now averagejust 1% utilization.

Link utilization in the core of the FSL network averaged 9.1% (57 Mbps on the 622-Mbps ATM segments), and 4.8%
(48 Mbps) onthe 1000-Mbps Gigahit Ethernet segment. Incombinationwithall other NOAA Boulder network traffic,
Wide-AreaNetwork (WAN) utilization to commodity Internet and Abilene (Internet2) viathe Front Range GigaPOP
(FRGP) averaged 7%, withamaximum of 47% of the155 M bpsavailable. WAN traffic over thesecondary commodity
Internet link provided by M Cl/UUnet averaged 45%, with amaximum of 100% of the12 Mbpsavailable. WAN traffic
viathe FRGP stayed about the sameasin 2002, whiletraffic viathe M ClI link increased by 11%, primarily for outbound
traffic. FSL comprised 63% of the total NOAA Boulder WAN traffic, with the next nearest l1aboratory, the Climate
Diagnostics Center (CDC) at 17%. While these figures are
similar to 2002, the most recent month's stati stics showed FSL s
at 84% of the total NOAA Boulder WAN traffic. The top — T mw
protocols were once again FTP (43%), LDM (18%), and
HTTP (16%).

Gigabit Ethernet
and 1MBT ta
—_ Servers

Figure 12. Diagram of the upgraded FSL > o
Network as of September 2002. fo Workstutons



Information and Technology Services

Asmentioned earlier, the computer room annex was converted into afully operational computer room space housing
network equipment and serversfor six scientific divisions. In support of thistask, FSL Networking staff installed all
network cabling and patch systems. Thisincluded nearly amileand ahalf of Ethernet, fiber optic, and console cables,
underfloor power whips, and an ATM/Ethernet switch to connect 38 computer racks—all installed within one week.
This computer room design and installation, and assistance provided for the relocation of servers, ensured minimal
downtime for FSL users.

Enhanced network monitoring wasimplemented onall major FSL network devicesandlinks. Webpagegraphicdisplays
of CPU and network link loadswereimplemented using public domain softwareMulti Router Traffic Grapher (MRTG).
The resultant statistics were, and continue to be, valuable for resource management of network devices, and also
improved theresol ution of network problems. Weblinksto MRTG plotsweremadeavailablefor all direct-connected
ATM hosts, primary FSL servers, andworkstationsupon request, all owing userstoview network activity ontheservers
for which they are responsible. Accessto the Web informationislimited to FSL only.

Information Technology (IT) Security

Information Technology (IT) security isan integral part of the FSL design for al new network growth. Establishing
aGigE backbone and GigE-capablerouterswascritical tothe FSL I T security architecture. Redundant GigE network
links from FSL to the NOAA Boulder network is the basis for a high-speed security perimeter. This security
architectureincludesa zonefor publicaccessserversthat waslogically implemented with theuse of adedi cated subnet.
Thiszoneallows Network and Security staff to begin monitoring traffic flow into and out of the zoneto appropriately
set access policies for differentiated types of data and server access. Remote access (Dial-in and Virtual Private
Networking (VPN)) to FSL resourceswas upgraded to utilize encrypted authenti cation viathe Remote authentication
Dial-InUser Service(RADIUS). Toassistwithtesting FSL I T security policiesand methods, an AT& T small business
Digital Subscriber Line (DSL) wasinstalled at FSL. ThisDSL link isdedicated and physically separatefrom all FSL
networks and address spaces. Network staff, System Administration staff, and users are able to utilize the DSL
network from the Internet to view how FSL "looks" from the outside. This security tool isvery effective for testing
accesscontrol lists, verifying accessto internal Webpages, and confirming patches on the host-based systemsin FSL.

The FSL IT Security Officer (ITSO) developed and presented an IT security strategy to FSL managers, system
administrators, FSL Technical Steering Committee, FSL I T Architecture Group, and FSL users. Thesecurity planwas
approved and funded. In coordinationwith FSL network management and system administrators, the | TSO eval uated
threefirewall appliancesin-house, and will recommendtheonebest suited to FSL 'sneeds. Testingandimplementation
of thefirewall andtheassociated Intrusion Detection System (I DS) and centralized logging will depend on completion
and stabilization of the FSL and NOAA Boulder network backbone upgrades. Commercial and open-source
vulnerability toolswereeval uated, and the open-sourcetool Nessuswassel ected andimplementedwithin FSL. Regular
audits of FSL hosts were performed as required. A patch server was acquired and tested that mirrors local, secure
copies of the latest vendor patches for al applicable FSL systems and applications. Centralized log servers were
installedfor securelogging of Unix host event entries; theoldlog server systemswill bemovedtothenewinfrastructure.
System administrators and users were supported in several security responses, and appropriate input was submitted
to the NOAA Computer Incident Response Team (N-CIRT). Newsgroups, mailing lists, and security sites are
monitoredfor vulnerability alerts, potential threatsareanalyzed, and FSL security contactsarenotifiedwhenapplicable.
Approximately 125 e-mail aertswereissued. ThelTSO collaborated with N-CIRT personnel in Washington, D.C.,
topresent their 16-hour "Essential Security Measures' training classesin Boulder (for thefirsttime). Thistrainingwas
offered to all NOAA-Boulder and Western Region staff after all training requirements had been met.
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Data Acquisition, Processing, and Distribution

Thel TSDataSystemsGroup continued to design and devel op real -timemeteorol ogi cal dataacquisitionand processing
systems required by laboratory projects and data users. Multiple computers operate in a distributed, event-driven
environment known as the Object Data System (ODS) to acquire, process, store, and distribute conventional and
advanced meteorol ogical data. Thesedataservices(Figure13) areprovidedto scientistsand devel operswho usethem
invariousmodeling, application, and meteorol ogical analysi s/forecast workstation research and devel opment activities.
Users accessed raw, translated, and processed data according to their needs.

Data Acquisition and Distribution — Data received from operational and experimental sources included:

* National Weather Service —
—NCEP, including the Aviation Weather Center's (AWC) use of the Distributed Brokered Networking
(DBNet) software
—WSR-88D narrowband and wideband Doppler radar data

» Aeronautical Radio Inc. (ARINC)

» Weather Services International Corporation (WSI) High-Capabity Satellite Network (HCSN) Data-

Acquisition System that supplies WSI NOWrad and NEXRAD products

* FSL Demonstration Division

* Geostationary Operational Environmental Satellite (GOES-8 and GOES-10)

* National Center for Atmospheric Research (NCAR)

» Meteorological Assimilation Data Ingest System (MADIS) data providers

ACARS
GOES GRIB
NOAAPORT BUFR

NOWrad GVAR
* METAR

WSR-88D
#*

R-T Data &
Notifications

On-Line
Storage

Account-Based
& Anonymous

WRF R-T Data Repository
*

& User Data

Figure 13. Data services currently provided by FS..
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Distributed datasetsincluded:

» GOES imagery to the NOAA Environmental Technology Laboratory (ETL)

» Wind profiler datato University Corporation for Atmospheric Research (UCAR) Unidata program

* Quality controlled ACARS (Aircraft Communications Addressing and Reporting System) datato NCAR,
government agencies, and universities

* RUC/RSAS datato NCEP for operationa backup

* Real-timedatawereal sodistributedto several external organizationsusingtheUnidatal ocal DataM anager
(LDM) protocal

Data Acquisition Upgrades — An upgrade of the GOES data processing system was designed, developed, and
completed. Thelocal ground station system receivesand ingests GOES Variable (GVAR) data(Figure 14) fromthe
GOES-8 and -10 satellites. The system generates a suite of imager and sounder products in netCDF format.

The ACARSIingest hardware was replaced and processing software upgradeswere completed. The new systemwas
designed using IBM's MQ Server software, which replaced legacy hardware and software that acquired data using
the outmoded X .25 protocol.

A new NOAAPORT Receive System (NRS) was evaluated, purchased, and integrated into production, resulting in
muchimproved datareliability.
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CONUs NetCLF
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Figure 14. Schematic of GVAR (GOES variable) data processing at FSL.
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Data Processing and Management Upgrades

Object Data Systems (ODS) — Software was designed and developed to streamline the acquisition and processing
of point, radar, and satellite data. Advanced Object-Oriented (OO) techniques were used in creating the software
to reduce required maintenance and to allow for generic, more efficient handling of various data types.

Aspart of the ODSimprovements, the satellite GV AR processing was upgraded, as shown in Figure 14. 1n keeping
with the ODSmodel of handling "raw" datafor both the real-time and archive streams, acompletely new schemewas
developed which allows greater flexibility in the configuration and maintenance of GV AR datasets.

Facility Information and Control Systems (FICS) — FICS Monitor changes were implemented to account for the
arrival of avariety of new datasets. Scriptsweredeveloped to monitor operation of the High-Performance Computing
System and Mass Store System. A new, moreflexible method of monitoring LDM serversalsowasdeveloped. FICS
monitoring of AWIPS Data Serverswas upgraded. The new versionincludesan"AWIPS Data Servers' pagewhich
allowsfor moreflexibility withthenumber of dataserversbeing monitored, whilekeepingthemain FICSpageminimally
cluttered.

Real-Time Advanced Weather Interactive Processing System (AWIPS) Data Processing — Several new Linux
AWIPS data servers were implemented. Numerous Local Data Acquisition and Dissemination (LDAD) data
providerswere added as part of cooperative projects, including the International H,O Project (IHOP) and the NOAA
New England Forecasting Pilot Program: High Resolution Temperature and Air Quality Project (TAQ).

Incollaborationwiththe FX-Net project, several AWIPSdataserverswerecustomizedfor displayingdataforthe TAQ,
IHOP, and Fire Wesather projects. Associated FICS monitoring and troubleshooting procedures were developed to
monitor these systems. These tasksincluded customizing AWIPS data servers to process non-NOAAPORT model
data, such as high-resolution MM5 and GPS-Met integrated precipitable water vapor (IPWV) datafor display on FX-
Net.

Data Storage and Access— The FSL Data Repository (FDR) and the Real-Time Data Saving (RTDS) systems were
merged. Using ODS software to create a configurable and scalable system, the new FDR method reduces both the
number of files(using Unix tar-tapearchive) and thevolume of data(using gzip compression) that isbeing stored using
the MSS. Asaresult of the M SS upgrades described earlier and the improvements in data storage and access, users
were able to store and retrieve data much faster and more reliably.

New Systems Architecture Development — Data ingest, processing, and distribution systems were developed to
providereliable, low-cost solutionsfor ftp, LDM, and other server applicationsusing open source software. Sincethe
new systems spread services among multiple commodity PC serversrunning on the Linux operating system, itisnow
easi er to depl oy additional serversto accommodate new services. Anexampleof improved efficiency using thesenew
systemsis an ftp server (called eftp) which showed a steady increase of external users of FSL data, exceeding 150
by theend of 2002. To providenecessary backup, spareserversarenow avail ablethat can bequickly imaged toassume
the identity and function of any host that suffers a hardware failure. Systemimager software was used to clone
appropriate server(s) from stored images and to duplicate and restore services as needed. File services for these
systems were provided using low-cost RAIS devices with IDE disks. Refer to http://www-fd-fsl.noaa.gov/dsg/ for
additional information.
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Laboratory Project, Research, and External Support

FSL's supercomputer provided computational capability for FSL modeling efforts, high-performance computing
software development, and other NOAA organizations. The latter includes seven NOAA Research Laboratories:
Aeronomy Laboratory (AL), Atlantic Oceanographic and Meteorological Laboratory (AOML), Air Resources
Laboratory (ARL), Climate Diagnostics Center (CDC), Environmental Technology Laboratory (ETL), National
Severe StormsL aboratory (NSSL), Pacific Marine Environmental Laboratory (PMEL ), and theNational Geophysical
Data Center. All projects were reviewed on the basis of scientific merit and their appropriateness for acommodity
distributed-memory machinesuch asthe FSL High Performance Computing System. Themodeling projectsinvolved
the ocean, climate, atmosphere, and air quality.

I'TS continued to distribute real-time and retrospective data and productsto all internal FSL projects and numerous
outside groups and users. External recipientsincluded:

e ETL — Real-time GOES-8 and -10 extended-sector satellite data, and WSR-88D radar data.

* NWS Storm Prediction Center (SPC) in Norman, Oklahoma— Six-minute Profiler data

* NWS Aviation Weather Center in Kansas City — Six-minute Profiler, ACARS, and RUC data.

* UCAR COMETe and Unidata Program Center — Six-minute Profiler, ACARS, MM5, RUC, and RASS

data.

* NCAR RAP and Mesoscale and Microscale Meteorology Division — RUC and MM5 data.

Other dataand product setswere provided to outside groups, including Doppler radar, ACARS, upper-air soundings,
meteorological aviation reports (METARS), profiler, satellite imagery and soundings, MAPS and LAPS grids, and
Meteorol ogical Assimilation Datalngest System (MADIS) datasets. Asliaisonfor outsideusers, the Systems Support
Group provided information on system status, modifications, and upgrades.

Staff continued development of the FSL Hardware Assets Management System (HAMS), whose database
incorporates an accurate and detailed list of FSL's hardware and software holdings. HAM S produces reportsthat are
invaluablein tracking FSL equipment and software and provideinput for yearly maintenance contracts and updating
government property lists.

The two Oracle servers for HAM S were upgraded to the latest releases of Oracle 9i, Oracle 9i Application Server,
and Apache Web Server software. The HAMS application processed over 120,000 wireless and Web-based
transactions during the year and tracked equipment and software resources within FSL. Version 3.0 of the HAMS
application software was packed with new features and enhancements, including Support Contracts, Support Costs,
Project and Task Hours, Dynamic Views, Software Parenting, Groups, Members, Room Contents, Rack Contents,
Storage Contents, and hundreds of other enhancements. HAMS training courses were developed and classes were
held for FSL system administrators, network administrators, operators, and property custodians. The HAMS Web-
based application won the FSL Web Award for the "Best Internal Use" category this year.

Division staff advised FSL management on the optimal use of laboratory computing and network resources, and
participated in cross-cutting activities that extended beyond FSL, asfollows:
 Chaired the FSL Technical Steering Committee (FTSC), which reviewed all FSL equipment fund requests
and provided the FSL director and senior staff with technical recommendations for equipment procurements.
 Served on the FSL Technical Review Committee.
» Served as Core Team and Advisory Team members for selecting upgrades to the FSL HPCS.
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 Participated in the creation of OAR's (Office of Oceanic and Atmospheric Research) IT Architecture
plan.

» Served as members of the Jet Allocation Committee, which reviews proposals for use of FSL's HPCS and
provides recommendations to the FSL director for their acceptance.

 Served on the Boulder IT Council (BITC), including assuming the office of chair.

» Served as FSL representative and chair of the OAR Technical Committee for Computing Resources
(TCCR).

ITS staff presented a well-received review of the FSL High Performance Computing System to the Commerce I T
Review Board last September, and the program was given a green light to continue.

Projections
Computer Facility

FSL High-Performance Computer System and Mass Store System — The final upgrade and acceptance of the HPCS
isplanned for early 2003. The 48-CPU testbed system will be decommissioned asacluster, and itsnodeswill be used
within the HPCS and other areas of the Central Facility. A new RAID with file system software from IBM will be
integrated into the HPCS. Associated software, the General Purpose File System (GPFS), will initially support highly
critical usages of the HPCS such as real-time runs of forecast models. GPFS will be tested on the existing RAID
system, with plansto make GPFSfile systems avail able to more of the general user community. A cluster with 64-
bit processorswill be acquired and tested | ater in 2003 to ensurethat critical softwareat FSL functionsproperly insuch
an environment. In collaboration with the Aviation Division, Grid Computing software (Globus, MPICH-G2) and
Condor will beinstalled on a portion of the HPCSfor initial development and testing of the Grid concept.

The M SS upgrade, aso to be accomplished and accepted in early 2003, will involve moving to a new Hierarchical
Storage Management System, a new host, and a more robust tape media, upgrading the HPCS RAID to be used as
cache. FSL will survey itsexisting user baseand other areas of OAR regarding requirementsfor future computati onal
platforms to support NOAA research applications.

Central Facility Systems Enhancements and Cost Savings— With theimplementation of therequired firewallsduring
2003, many Central Facility services will need to be rearchitected to work properly with the new firewalls and the
resulting new network design. TheDNSand e-mail gatewayswill be redesigned and rebuilt on new hardwarethat will
be less expensive to maintain than the old systems. The new hardware will also have the advantage of allowing
advanced testing of the rearchitected DNS and e-mail functions before switching FSL to the new systems. A new
design for Web content delivery has already been drawn up to accommodate the firewalls and additional security
without requiring the purchase of many new server systems.

A new version of FSLHelp will be developed and introduced that will fix bugs, increase security, provide an easier
interface for users, and decrease response time of the system.

Cost saving effortswill continuethroughimplementation of amuch simpler computer environment. For example, testing
will begin on anew, standard desktop system that will run either Red Hat Linux or Microsoft Windows, so that only
two types of operating systems and one type of hardware will need to be supported in ITS desktops. This goeshand
in hand with a steady move toward only running Red Hat Linux and Sun Solaris on server systemswithin ITS.



Information and Technology Services

Systems Support and Computer Operations — Staff will continue to identify regularly failing client backups, track
down thereasonsfor thefailures, and implement proper corrective measuresto reduce the number of client backups
that fail daily. Thiswill moreeffectively utilize system/network resourcesand provide ahigher level of servicefor al
FSL users.

Additional tool swill beimplemented to ensuretask performanceconsistency. Linkswill beaddedtothe FICSmonitor
that will allow quick and consistent generation of SSG Log tickets and Data Outage notifications. The Data Outage
Notification Generator form Common Gateway Interface (CGI) script will be created and implemented. Additional
new products, real-time machineloading, and systemswill be added to the FICS monitor. To support these additions,
several critical support documentsand SSG Hel p documentationwill be updated to maintain and enhance monitoring,
troubleshooting, and communicating about real-time data issues with users and system developers. Staff also will
continue to provide assistance to systems administrators.

A refresher training session for the VESDA Smoke Detection system and FM-200 Fire Suppression System will be
provided for the SGG staff. Documentationwill be updated, and other training devicesand additional aidsfor quickly
resolving issues with these systems will be devel oped.

Facility Infrastructure Upgrades — To improve emergency communications safety within the FSL's Central
Computer Facility, wall-mounted telephones will be installed near each FM-200 Fire suppression abort switch.
Electrical power surveyswill beperformedto moreefficiently analyze power usagewithinthefacility. Documentation
will be prepared to better manage computer room growth with relation to space, cooling, and electrical power
consumption.

FSL Network

The NOAA Boulder network plan to replace the ATM network backbone in the David Skaggs Research Center
(DSRC)withaGigabit Ethernet backbonewill startin 2003. FSL will takeadvantage of the higher-speed GigE network
by converting thelink between FSL and NOAA Boulder from ATM to GigE, asshownin Figure 15. Internally, FSL
will continue to maintain an integrated ATM and GigE network until funding becomes available, and the need is
warranted technically to consolidate the two technol ogiesinto one (multiple) GigE core network. The GigE network
within NOAA Boulder and FSL providesthetopol ogy needed to implement ahigh-speed redundant firewall security
perimeter. ThisGigEtopology will makeit possibleto physically separatethe public accesszoneandinternal network,
whicharecurrently only logically separated. Addesspolicieswill beimplementedtoclosely control all network traffic
into and out of FSL public and internal (private) networks.

Remote access (Dial-inand VPN) to FSL will be upgraded to utilize aserver with 56-K bps modems, and a Cisco 300
VPN server to provide more secure authentication of users. The entry point for these remote access serviceswill be
relocated to the public access zone, as part of the IT Security Architecture implementation. A third form of remote
access is planned by deploying wireless networking. The plan is to implement wireless networking access points
throughout FSL office spacesin the DSRC, and provide asmall number of wireless network interface cards for loan
tolaptop computer users. Thiswill bevery beneficial to abroad range of users, including visitorswho need short-term
network access, seminar presenters requiring live network access to materials or for demonstrations, systems
administratorsfor quick on-the-spot troubl eshoating and generating/updating systemsinventories, andfor roaming FSL
internal users. The entry point for wireless networking will also be in the public access zone, and will require FSL-
granted account access and encrypted user authentication.
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The FSL WAN traffic increased significantly in 2002, and the secondary link to the commaodity Internet, often fully
utilized at 12 M bps, will beupgradedtoincreasethe bandwidth of thislink to 18 Mbps. Additionally, moreeconomical
WAN serviceswill beinvestigated to determineif higher bandwidths, such as GigE, may be available through WAN
serviceproviderslocated onthe Boulder Research and Administrative Network (BRAN) path. FSL could benefitfrom
aGigE, or direct optical serviceto national-scale networks for connecting to other major supercomputing centers.

IT Security

FSL will install acombined firewall and Intrusion Detection System (IDS) asafirst step toward securing the network
perimeter (seeFigure15). Thefirewall and IDSwill beanintegral part of thenew Gigabit Ethernet network backbone,
allowing FSL amodular, off-the-shelf upgrade path to accommodate configuration changes and future bandwidth
growth. To achieve an economy of scale, the IDS will be implemented as an integral part of the NOAA Boulder
Network OperationsCenter (NOC) building-widesystem. Thegoal isforall NOAA Boulder Laboratoriestoeventually
participateinacommon | DSinfrastructure, which will be managed by the NOAA Computer Incident Response Team
(N-CIRT). For improved security, the earlier acquired and tested patch server wiill be placed into production. This
server will mirror local, secure copiesof thelatest vendor patchesfor all applicable FSL systemsand applicationsand
will facilitate faster and more efficient systems patching.
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Figure 15. Diagram of upgraded FSL Network as of March 2003.

32



Information and Technology Services

Additional I'T security challengesrequirethat afull-timeassistant I T security officer be hired in order to keep abreast
of the new poalicies, regulations, and actions from the Department of Commerce and NOAA, and to implement and
maintainthefirewall/|DS/central logginginfrastructure. Thisadditional helpwill ensurethat FSL canrespond quickly
to theincreasing security workload and stricter security directives. TheN-CIRT also plansto hireafull-time security
specialist for the Boulder campus.

Data Acquisition, Processing, and Distribution

Designanddevel opment for new and modified datasetswill continue. Useof ODSapplicationsand methodswill expand
aslegacy trandators and product-generation methods are replaced by the new techniques. Object Oriented software
development for point datawill continue.

Upgrades and enhancements to the AWIPS data servers will be performed in response to the continual addition of
products to the NOAAPORT dataset. Desigh and development staff will continue to create an automated research
system for generating AWIPS review cases form retrospective datasets.

Metadata handling techniques for use with GRIB datasets will be implemented for real-time data processing. An
automated systemfor acquiring andincorporating digital metadataispart of thisplan. Further work includescontinued
development of the interactive interface that allows for easy query and management of the metadata content, the
addition of program interfaces to allow for secure controlled data access, and incorporation of retrospecive data
processing and metadata mangement.

Laboratory Project, Research, and External Support

ITSwill continueto support FSL usersand projectsaswell asexternal FSL collaboratorsand datausers. Thissupport
comprises real-time and retrospective FSL data, meteorological products, and technical data-handling expertise.

Effortswill continue toward providing HPCS support, assistance, and advice to both FSL users and numerous other
NOAA and outside users.

Tofacilitatethemanagement and tracking of thel aboratory'smultimilliondollar assets, moreenhancementsareplanned
for the FSL Hardware Assets Management System (HAMS). The new Electrical Power Management enhancement
will accurately track and monitor computer equipment power requirementswithin FSL. HAM Swill providethe FSL
Central Facility managerswithtool sto monitor, balance, and plan el ectrical [oad and consumptionwithinthelaboratory.

Other planned enhancements include network connections, enhanced equipment searches, mass changes, vendor
searches, credit card reconciliation, and automated excess property processing.
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Forecast Research Division

Objectives

The Forecast Research Division (FRD) is home to most of the research in FSL on short-range numerical weather
prediction (NWP), development of advanced modeling and data assimilation techniques, diagnostic studies of
mesoscal e weather phenomena, and applications of NWPto nonmeteorol ogical uses. A major emphasisinvolvesthe
assimilation of operational, research, and future meteorological observations for analyzing current atmospheric
conditions and the subsequent generation of short-range numerical forecasts. Produced in real time at frequent
intervals on national and local scales, these analyses and forecasts are valuable to commercial aviation, civilian and
military weather forecasting, theenergy industry, regional air pollution prediction, and emergency preparedness. FRD
also has supported several large meteorological field experiments and continues to perform this service to the
community.

The Forecast Research Division comprises three branches:
Regional Analysis and Prediction Branch (RAPB)
Local Analysis and Prediction Branch (LAPB)
Meteorological ApplicationsBranch (MAB)

TheRegiona Anays sand Prediction Branch supportsthefollowingresearchprograms:

Rapid Update Cycle (RUC) —A compl ete analysis/forecast system for hourly assimilation of meteorological
observationsover the United Statesinto anumerical prediction model, the RUC hasbeenimplemented asan
operational forecast system at the National Centers for Environmental Prediction (NCEP). The branch
develops and tests improvements to the RUC and its research counterpart, the Mesoscale Analysis and
Prediction System (MAPS), in the following areas:

» Data Assimilation — Improved techniques for estimating meteorological parameters on a regular grid,
combininginformationfrominsituandremoteobservationswiththat fromaforecast model, andinvestigation
of usesfor new datasources, such asrapid updating using Geostationary Operational Environmental Satellite
(GOES) raw radiances and derived products. Thelatter task isbeing performed partly in collaboration with
other membersof the Joint Center for Satellite DataA ssimilation, National Envirionmental Satellite, Data, and
Information Service (NESDIS); National Aeronautics and Space Administration (NASA); and National
Centers for Environmental Protection (NCEP).

* Numerical Prediction—Design, testing, andimplementation of improvementsto the RUC/MAPSnumerical
prediction model, with a major emphasis on improving representation of processes near the surface and in
clouds, which exert a strong control on mesoscal e forecasts.

» Analysis and Model Verification — Statistical and subjective evaluations of RUC/MAPS analysis and
forecast productsfor standard atmospheric variables, surface conditions, aviation-impact variables, clouds,
and precipitation.

» Data Sensitivity Studies — Using the RUC, conducted studies to determine the effects of different types

of observations on short-range numerical forecasts, including wind profilers, GPS, and space wind lidar
systems of the future.
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RUC Applications — Development of coupled atmospheric/land surface model capability in support of the
Global Energy and Water Cycle Experiment (GEWEX) programsand the NCEPimplementation of theRUC,
forecasting of aviation impact variables (icing, turbulence, ceiling, and visibility) in support of the Federal
AviationAdministration (FAA), windforecasting applied towind energy utilization, and real -timesupport for
field projectsin which NOAA is engaged.

Collaborative Modeling Projects — Lead role in the development and evaluation of the coupled MM5/Air
Chemistry model (Figure 16) and the WRF/Air Chemistry model, continued collaborationwithNCARinthe
advancement of the scienceof modeling precipitation physics, partici pationinthedevel opment of theWeather
Research and Forecasting (WRF) model system and nonhydrostatic generalized vertical coordinate model,
and, finally, development of a RUC Short-Range Ensemble Forecast (SREF) system in collaboration with
NCEP.

The Local Analysisand Prediction Branch is engaged in the following efforts:

Local Analysisand Prediction System (LAPS) — Incorporation of local datasetsinto numerical models(e.g.,
MM5, RAMS, WRF) for the production of very detailed analysesof local weather conditionsand short-range
forecasts. The model is updated using variational methods and Kaman filtering techniques with new
observationsat least hourly. A diabaticinitialization procedure known asthe*hot start” has been devel oped
for reducing the problem of cloud and precipitation “ spinup” in the early hours of model integration. LAPS
supports a broad clientele of mostly government and military entities, including the the National Weather
Service (NWS), Federal Aviation Administration (FAA), Federal High WaysAdministration (FHWA), U.S.
Air Force Weather Agency (AFWA), Department of Defense (DOD/Army, Lockheed Martin, the Central
Weather Bureau of Taiwan, and the Korean Meteorological Administration.

LAPSObservation Smulation System (OSS) — Eval uation of new observation technol ogy or siting of existing
observational systems. This system has been employed to assess the potential of new satellite systems for
instrument placement around eastern and western space centers of the U.S. Air Force and spaceborne wind
lidar systems for NOAA.

Satellite Products — Utilization and evaluation of raw radiances and products derived from GOES
atmospheric soundings, for the purpose of devel oping acompl ete national -scal e moisture analysisuseful for
high-resolution model initialization. The branch also participates in the Joint Center for Satellite Data
Assimilation.

Weather Research and Forecasting (WRF) Model Support — Development of a Standard Initialization
procedurefor community useininitializingthe WRF model with backgroundfiel dsobtai ned from other models
and static datadefining thesurfaceproperties. High-resolutionlocal applicationsof WRF are being devel oped
and tested, including eval uation during the International H,O (IHOP-2002) field experiment in the Southern
Plains and application for the Coastal Storms nitiative.

WFO-Advanced Support — Full support of an operational version of LAPS on the WFO-Advanced
workstation, including both analysis and prediction. The WFO-Advanced forecaster workstation is used to
demonstrate Advanced Weather Interactive Processing System (AWIPS) functions in support of future
Weather Forecast Office (WFO) operations.
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Local Model Implementations and Demonstrations— Configuring and installing modeling systemsthat take
advantage of local datasets, advancements in affordable parallel computing, and the results of weather
modeling research and devel opmentsfrom FSL and el sewhere. Current and upcoming applicationsof various
modelsondifferent computing platformsall takeadvantageof L APSinitialization. Ensemblesof local models
will beanincreasingly useful approachto numerical weather forecasting problemsand appli cationsto abroad
spectrum of uses ranging from fire weather prediction to ground transportation needs.

Research effortsin the Meteorol ogical Applications Branch consist of the following:

GAINSProject — The Global Air-Ocean IN-situ System (GAINS) program is devel oping aproof of concept
for routinely sounding the Earth's atmosphere, ocean, and in situ air chemistry over oceanic areas.

Diagnostic Turbulence Forecasting — Development, testing, and verification of diagnostic tools using the
RUC model for forecasting turbulence in support of the Aviation Weather Research Program.

Mesoscale Diagnostic Studies — Research performed to increase the understanding of weather systems,
improve conceptual and diagnostic model s of the atmosphere using datafrom conventional instruments and
new state-of-the-art sensors, and investigate mesoscale dynamical processes. Current studies include
potential vorticity streamers, the structure and dynamicsof thelow-level jet and itsrolein moisturetransport,
and therole of gravity wavesin turbulence generation and convection initiation.

Resear ch Quality Datasets— Production of quality-controlled hourly precipitation data, meteorological data
from commercia aircraft (ACARS and AMDAR), and North American radiosonde data for access on CD-
ROMsandtheWeb. Assessmentsof and improvementsto the set of hourly precipitation measurementsare
utilized for verification purposes by the Real-Time Verification System (RTVS).

Websites for FSL Data — Development of Websites for GAINS, the NOAA Chemical Weather Research
and Development program (with information such asthe MM 5/Chem model domainin Figure 16), national
precipitation data, ACARS data, interactive soundings, national mesonetwork data, and FSL publications.

Figure 16. Domains over which air quality
and weather forecasts were produced in
real time — using the MM5/chem model —
during the 2002 New England Temperature
and Air Quality (TAQ) pilot experiment.
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Regional Analysis and Prediction Branch
Stanley G. Benjamin, Chief

Objectives

Theprimary focusof theRegional Analysisand Prediction (RAP) Branchisresearchfor and devel opment of theRapid
Update Cycle (RUC), which provideshigh frequency, hourly analyses of conventional and new datasourcesover the
contiguous United States, and short range numerical forecastsin support of aviation and severe stormforecasting and
other mesoscale forecast users. The RUC runs operationally at the National Centers for Environmental Prediction
(NCEP) at the highest frequency among its suite of operational models. The branch works closely with NCEP in
devel oping, implementing, and testing RUC improvementsat FSL , andtransferringthemto NCEP. A variety of model
and assimilationdevel opment, verification, and observational datainvestigationactivitiesarecarried out under theRUC
focus. Applicationsof the RUC include contributionsto the GEWEX (Global Energy and Water Cycle Experiment)
program toward improved climate forecasting (GEWEX Americas Prediction Project, GAPP), forecasting detailed
windfieldsincollaborationwiththeNational RenewableEnergy L aboratory, support for anumber of field experiments,
and the Short-Range Ensemble Forecast system being developed at NCEP. The RUC has a unique role within the
NWSinthat it isthe only operational system that provides updated national scale numerical analyses and forecasts
more often than once every 6 hours. It was developed in response to the needs of the aviation community and other
forecast users for high frequency, mesoscal e analyses and short range forecasts covering the conterminous United
States. Itiswidely usedin NWS Forecast Offices, NWS centersfor aviation weather and storm prediction, the FAA,
and other facilities. Evaluations of the RUC have clearly demonstrated its advantage in providing high frequency,
recently initialized forecasts based on the latest observations. The RUC isakey part of the FAA Aviation Weather
Program, since commercial and general aviation are both critically dependent on accurate short rangeforecasts. The
RUC will continue to improve over the next few years, perpetuating the successful collaboration between FSL and
NCEP, but a shift in primary focus will be to develop arapid update component to the WRF model by 2006.

In collaboration with other government agencies(e.g., NCAR, NCEP, NESDIS) and universities (e.g., University of
Miami, University of Oklahoma), RAP branch scientists devel op improved data assimilation and modeling methods
for useinthe RUC. Techniquesfor assimilating new observational datasets are devel oped toward thegoal of the best
possible estimate of current atmospheric and surface conditions, aswell asthebest possible short-rangeforecast. The
branch aso interactswith other FSL staff in implementing optimal computing methodswith RUC software, making
the model as efficient as possible on modern computing platforms.

A second primary focusof thebranchisthe devel opment, real -timeimplementation, and eval uation of afully coupled
atmospheric/air chemistry mesoscale model prediction system. An MM 5-based, fully coupled system has been run
in support of the 2002 NOAA Temperatureand Air Quality (TAQ) Pilot Project in New England (and other previous
experiments). Anincreasingly important focus of research involvesregiona air pollution studies.

Accomplishments
Implementation and Enhancements to the 20-km RUC
NCEP Implementation — Culminating a four-year development and testing activity, a major revision to the RUC
systemincluding 20-km horizontal resolutionwasimplemented at NCEPon 17 April 2002. Thisnew version hasfour

key aspects: finer (20-km) horizontal and vertical (50 levels) resolution (requiring about 10 timesthe computati ons of
the 40-kmversion for theforecast model), an improved version of the RUC forecast model, assimilation of GOES-
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based cloud-top pressure to improve the initial RUC cloud and precipitation fields for each forecast, and use of an
improved version of the RUC optimal interpolation analysis. Performance of the 20-km RUC has shown significant
improvement over the previous 40-km RUC running at NCEP from 1998-2002. Verification against rawinsonde
observations over aperiod of almost 4 monthsin late 2002 showed that the RUC is successful in producing shorter-
range forecasts that are more accurate than those of longer durations. Thisismost true for wind forecasts, as shown
inFigure 17, whereimproved skill isfound all theway downto 1-hour forecasts. Thissame verification showed that
RUC short-rangeforecasts generally improve on persistence forecasts. The RUC isalso ableto produce short-range
forecasts at the surface that are more accurate than longer-range forecasts valid at the sametime, and again, improve
on persistence forecasts at 1- and 3-hour projections (Figure 18).
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Figure 17. Verification of RUC wind forecasts against
rawinsonde observations over entire RUC domain for
11 September—31 December 2002. RMS vector
difference (m s') between observations and forecasts
is shown for forecasts of 1-, 3-, 6-, 9-, and 12-hour
duration and for the analysis, all valid at rawinsonde
observation times (0000 UTC and 1200 UTC).

Figure 18. Verification of RUC 2-meter temperature
forecasts against METAR (meteorological aviation
report) observations over the full RUC domain. Value
is standard deviation of observation-forecast difference
in degrees C. Two seasons are shown: 17 April-27
September 2002 and 1 October—26 December 2002.
Values are shown for RUC forecasts of 1-, 3-, 6-, 9-,
and 12-hour duration. Open squares are RMS
differences for 1-hour and 3-hour persistence forecasts
using RUC analysis for each season.
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The following improvements have been made to the RUC20 since its implementation at NCEP.

3D Variational Analysis—A 3D variational (3DVAR) analysis has been devel oped for the 20-km RUC 1-hour cycle
and is now being tested at NCEP for an implementation in 2003. The RUC 3DVAR analysisis configured in a
generalized vertical coordinate set, whichinthiscaseisthe RUC hybridisentropic-sigmacoordinate. Theuseof this
coordinate provides an adaptive analysis space, with sloping of background error covariances in the proximity of
baroclinic systems, and a stability-dependence for vertical error covariances. The RUC 3DV AR analysis has been
shown to give equal or improved forecast skill to those from the current optimal interpolation analysis for forecast
projectionsfrom 3-12 hours. The RUC 3DV AR analysisalso assimilatesthe following new observational datasets:

» GPS ground-based precipitable water values (now over 180 in the United States)

* 915 MHz boundary-layer profilers (about 25 in the RUC domain)

» RASStemperature low-level virtual temperature profiles from selected 405-MHz and 915 MHz profilers

» Mesonet surface observations

Assimilation of Radar Reflectivity—Aninitial technique has been devel oped for assimilation of radar reflectivity and
lightning datainto the hydrometeor and water vapor fieldsin the RUC analysisto improve short-range precipitation
and cloud forecasts. This technique can modify both rain and snow mixing ratios (Figure 19), accounting for the
observed reflectivity in the column. National 2-km resolution reflectivity mosaic fields and 10-km Radar Coded
Message fields are being inserted into the RUC20, since the former provides higher resol ution but the latter provides
beamblockageinformationtohelp differentiate”noecho” from"nocoverage." Lightningdataareused asanindication
of convection. Verification of precipitation forecasts made in a parallel cycle using this technique have shown a
significantimprovementinskill.

Improved Version of the Grell-Devenyi Convective Parameterization — The RUC20 includesimproved convective
(subgrid-scale) precipitation from an ensembl e closure/f eedback convective parameterization by Grell and Devenyi.
Additional research is being carried out to optimize the closure weighting and even to develop data assimilation
techniquesfor probabilistic convectiveforecasts. Anexampleof thedifferenceinconvectiveforecastsfromtheRUC
isshownin Figure 20.
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Figure 19. Vertical profiles of 20-km RUC
rain and snow mixing ratio before and after
assimilation of radar reflectivity for 2200
UTC 11 December 2001 at the ARM/CART
site in Lamont, Oklahoma. Also a time
series from a cloud-profiling radar at the
same |ocation around the same period shows R ——

the vertical profile of precipitation.
Vertical profiles of RUC-20km rain,
ice, snow and graupel before
(solid) and after (dashed)
assimilation of WSI radar Verifying cloud-profiling raclar
reflectivity. Valid 2200 UTC 11 Dec image at ARM/CART site
2001
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Support of the Operational RUC at NCEP — FSL monitors performance of the RUC running operationally at NCEP
and works with NCEP to make necessary modifications. As part of thiswork, FSL must maintain expertise on the
IBM SP computing system at NCEP and maintain a close, long-term collaboration with many groupsin NCEP.

FSL also supportsarelated major ongoing task, that of running in real time abackup version of the20-kmRUCina
"hardened" computer environment on the FSL Jet supercomputer to assure high-level reliability. During NCEP
outages, RUC gridsfrom FSL are substituted through NWS distribution channel sto support all real-time RUC users.
This task involves both the RAP Branch and FSL's Information Technology Services, along with NCEP and other
organizationsof theNational Weather Service. A backupfortheRUC20wasdevel oped andimplemented during 2002.
Ongoing enhancements continue on the RUC Website, http://ruc.fsl.noaa.gov, including products from the test
version of the 20-km RUC, and the use of the 20-km RUC gridsin the FSL Interactive Sounding program.

Applications of the RUC

Development of Improved Atmospheric/Land-Surface Coupled Model Capability and Production of Integrated
Datasets for GEWEX/GCIP/GAPP — FSL continues to participate in the multiyear GEWEX and the GEWEX
American Prediction Project (GAPP) by providing datafrom the RUC/MAPS model/assimilation systemtothe GCIP
(GEWEX Continental-scale International Project) archive of gridded datasets. The goal of GCIP is improved
understanding of the continental scale hydrological cycle components, and ultimately, improved climate prediction
capability. Ongoingimprovementstoall aspectsof RUC/MAPS, especially toitsland-surfacecomponent, contribute
toward meeting thisgoal.

The RUC/MAPS system wasthefirst regional model to cycleitsmultilevel soil moisture and soil temperaturefields,
and continuesto bethe only oneto cycle snow water equivalent depth and multilevel snow temperature. Thiscycling
of snow cover has proven beneficial in short-range surface forecasts in which there is change of snow cover over a
24-hour period, asshown in Figure 21, with snow melted over Wisconsin. Inthiscase, the RUC wasableto produce
more accurate surface temperature forecaststhan other model sduetoits cycling of snow variableinits 1-hour cycle.
Paradoxically, although the RUC isused primarily asvery short-range forecast guidance, the cycling of these surface

Figure 20. 13-hour forecasts of subgrid-
scale precipitation from versions of the
RUC using 1 ensemble closure and 144
closures in the Grell-Devenyi scheme, valid
0100 UTC 13 June 2002 (during the IHOP
field program). Infrared and visible satellite
images valid at the same time are also
shown.
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fieldsrequiresconsiderabl erobustnessfromtheland-surfacemodel for what is, ineffect, asimulation spanning months
toyears. Inturn, the cycling of soil moisture and snow water equivalent in the RUC leads to improved short-range
forecasts. The RUC research for the GEWEX/GAPP project isaimed at using cycling of surface variablescombined
with dataassimilation of radar reflectivity and other cloud/precipitation observationsto provideimprovedland-surface
fields which can result in improved seasonal and interannual climate forecasts.

Use of RUC Wind Forecasts for Estimated Wind Power Potential — FSL continues a collaborative wind energy
study with the National Renewable Energy Laboratory (NREL, Department of Energy) now using 20-km RUC/
MAPSforecasts. Time-lagged ensembles produced from 20-km RUC forecasts out to 48 hours are used to estimate
near-surface wind power potential, while variance among forecast ensemble members provides a measure of
uncertainty in those forecasts. The high vertical resolution inthe RUC near the surface and frequent update cycling
makesit well suited to wind energy forecasting.

Foecial High-Resolution RUC Forecasts for NOAA Experiments (PACJET, IHOP, and TAQ) — FSL ran a specia
high-resolution version of the RUC model for threedifferent special experimentsover thelast year (Figure22). First,
FSL distributed forecast fieldstot he NWSWestern Region Headquartersfor real-time AWIPSdisplay atlocal offices
insupport of the PACJET 2002 (Pacific Landfalling Jets) experiment. Thespecial PACRUC configuration consisted
of a10-km grid covering all of the NWS Western Region, nested within the CONUS 20-km RUC domain. The 20-

Cycled field of snow depth

from operational RUC20
at NCEP

Valid at 2100 UTC Figure 21. (left) Observed snow cover from 2200
8 January 2003 UTC 7 and 8 January 2002 NESDIS analyses and
RUC cycled snow cover valid at 2100 UTC 8
January.
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km RUC utilized a 1-hour assimilation cycle to ingest all conventional observations. PACRUC 24-hour, 10-km
forecastswere produced every 6 hours, and AWIPSfilescontaining selected surfacefieldsweretransferred to NWS
viaautomated LDM scripts. Additional RUC fieldswere provided to theforecastersthrough aWebpage, and aWeb-
based forecast evaluation form was used to obtain forecaster feedback. Specia 10-km RUC forecasts were also
produced for the May—June 2002 Central PlainsInternational H,0 Project (IHOP-2002) to the NWS Storm Prediction
CenterinNorman, Oklahoma. Finally, the 10-km RUC wasmoved toadomain coveringthenortheastern United States
in support of the Temperature and Air Quality (TAQ) experiment in summer 2002. Again, AWIPS-compatible
NetCDF fileswere provided to the NWS, thistime through the Eastern and Central Regions. The 10-km RUC TAQ
runswere continued through thefall andintowinter 2002—2003. Anexampleof alake effect snow band forecast from
the 10-km TAQ RUC is shown in Figure 23.

Profiler Impact Experiments with RUC — An assessment of the value of data from the NOAA Profiler Network
(NPN) onweather forecasting hasbeen completed. A seriesof experimentswere conducted using the RUC20 model
in which various data sources were denied to assess the rel ative importance of the profiler datafor short-rangewind
forecasts. Averageverification statisticsfromal3-day test periodindicatethat the profiler datahavea positiveimpact
on short-range (3-6 hour) forecasts over a central United States subdomain that includes most of the profiler sitesas
well asimmediately downwind of the profiler observations (Figure 24). Averaged over time of day, the profiler data
most strongly reduce the overall vector error in the troposphere below 300 hPawhere there are relatively few auto-

Regignal radar 1030z,

Real-time 11 Jan 2003
10-km RUC .
forecast of
Figure 23. (right) 10-km RUC 12-hour forecast of LES band

|ake-effect snow band from Lake Huron across
Ontario and Lake Ontario into New York. Also
shown is observed radar reflectivity at the valid
time of 1030 UTC 11 January 2003.
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mated aircraft observations. At night whenfewer commercial aircraft areflying, profiler dataal so contributestrongly
to more accurate 3-hour forecasts at jet levels. For thetest period, the profiler data contributed 20-30% (at 70 hPa)
of the overall reduction of 3-hour wind forecast error by all data sources combined.

Several casestudieswereexaminedin detail toillustrate the value of the profiler observationsfor improving weather
forecasts. One of the case studiesindicated that inclusion of profiler datainthe RUC model runsfor the 3May 1999
Oklahomatornado outbreak improved model guidanceof convectiveavailablepotential energy (CAPE), 850-300hPa
wind shear 0—-3 km helicity, and precipitation in southwestern Oklahoma prior to the outbreak of the severe weather.
Inanother case study, inclusion of profiler dataimproved RUC precipitation forecasts associated with asevere snow
andicestormthat occurred over Kansas. Summariesof NWSforecaster useof profiler dataindaily operationssupport
the results from these case studies and the statistical forecast model impact study that profiler data contribute
significantly toimprovedforecastsover thecentral United States, wheretheseobservationscurrently exist. Theresults
of this profiler impact study have been submitted for publication.

Observation Sensitivity Experiments Using RUC to Examine the Impact of GPS Precipitable Water Observations
—Incollaborationwiththe Demonstration Division, theRAPBranch continued 60-km RUC paral lel cycleexperiments
with and without assimilation of GPS precipitable water observations. Positive impact (leading to more accurate
forecasts) of GPS precipitablewater observationson short-rangerel ative humidity forecastsseenin earlier sensitivity
experiments has continued to increase as more stations have been added to the network. Results from anew set of
2-week retrospective experimentsfor both cold and warm season periods with the 20-km version of the RUC show
still greater impact from the addition of GPS precipitable water observations than with the 60-km RUC model.

Collaborative Modeling Projects

Regional Lidar OSSE Experimentswith RUC — FSL has compl eted aseries of regional observing system simulation
experiments (OSSES) designed to test the potential impact of a space-based Doppler lidar wind profiling system on
regional-scale numerical weather predictions. OSSEs utilize a humerical prediction model to mimic a typical
atmospheric evolution, and provide a cost-effective method for eval uating the forecast improvement from potential
new observing systems. Asshown by Figure 25, theregional OSSE experimentswererunin conjunctionwithaseries
of global OSSE experiments conducted by NCEP. Lateral boundary conditions needed for the regional OSSE

Nature OSSE
Run Experiment
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experiments run with the RUC were obtained from matched global lidar OSSE experiments, while simulated
observations, assimilated into the RUC, were obtained from the MM5 regional nature run completed by the Local
Analysisand Prediction Branch. Conventional observations (rawinsonde, profiler, VAD, ACARS, METAR, buoy)
and simulated lidar observations were computed directly from the regional nature run. The assumed characteristics
of thelidar observationswereproduced by theNOAA Environmental Technology L aboratory. Calibrationof theMM5
regional nature run was performed using the European Centre for Medium-Range Weather Forecasts global nature
run, and coding of theregional verification software was completed by NCAR —thusatruly collaborative, multiyear
effort.

Regional forecast improvements dueto the lidar observations can come from three sources: 1) direct assimilation of
the lidar observations on the regional domain 2) improved lateral boundary conditions due to the assimilation of
lidar observationsontheregional domainand 3) improved lateral boundary conditionsdueto theassimilation of lidar
observations from the global model. As expected, results from this study indicate forecast improvement from all
sources. Improvement from the direct assimilation of lidar observationsis greatest at the analysistime, then slowly
diminishes with forecast length, while improvements from the lateral boundary conditions increase with forecast
length. Initial OSSE experiments focused on a best-case scenario, in which no lidar observations were lost due to
cloud attenuation and no errors were added to the lidar observations. 1n these experiments, lidar wind observations
produce modest short-range (0—12-hour) forecast improvements over the data-rich RUC domain. Midlevel wind
forecastsbenefit themost, with 6-hour forecast error reductionsof upto 10% (Figure 26) from theassimilation of lidar
observations. Other experiments which accounted for the loss of lidar observations due to clouds and the existence
of random errorsinthelidar observations, have shown only aslight reduction in the forecast improvement compared
to the best-case experiments. Aspart of this project, the formulation of the RUC 3DV AR was modified to facilitate
the direct assimilation of lidar line-of-site wind observations. This modification also allows for the future direct
assimilation of Doppler radar radial velocity observations, in accordance with planned RUC analysisenhancements.

Air quality Forecasts from a Coupled Weather/Air Chemistry Prediction Model — FSL is developing and applying
a next-generation coupled weather/air quality numerical prediction system. This system is capable of forecasting
ambient ozoneconcentrationsover regional to urban scalesand includesthe MM 5 meteorol ogical model with " online"
chemical capability. In this system the chemical kinetic mechansm is embedded within the meteorological model
structure, and thus the integration of the chemistry is performed as part of MM5 (MM5/Chem). Biogenic emissions
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arealsointegrated onlinesincethey arestrongly modulated by meteorology. A second coupled modeling system, led
by FSL, is based on the Weather Research and Forecasting (WRF) numerical model and uses the same chemical
modules as MM 5/Chem.

During the summer of 2002, MM5/chem was runin real time at FSL in support of the New England Temperature
and Air Quality (TAQ) pilot experiment. The domainsfor which forecastswere produced were shownin Figure 16,
and Table 1 summarizes each of theruns. In addition, during 5 July—30 August 2002, datafrom the model forecasts
were provided in real timeto several OAR laboratoriesviathe Web. NOAA/ETL received datafrom the numerical
forecasts for verification with meteorological observations at profiler locations, and with surface observations at
specia high energy usage sites. (Figure 27 shows an example of ameteorol ogical comparison that was displayedin
real time.) Scientistsat the National Severe Storms Laboratory (NSSL) received meteorological dataon acommon
three-dimensional grid for ensemble predictions. Special three-dimensiona chemical and meteorological datasets
were aso provided to the NOAA Aeronomy Laboratory (AL) for verification as well as for real-time forecasting
aboard the Ron Brown. An example of a comparison of ozone forecasts with measurements from the Ron Brown
asseeninreal timeon 24 July isshownin Figure 28. Notethat for thisparticular casethemodel did exceptionally well
in predicting the ozone concentrations, especially for the highest resolution forecasts. Finaly, the Air Resources
Laboratory (ARL) received surface chemistry and meteorology datasets for verification. The completion rate of the
model forecast run on the Jet supercomputer at FSL was greater than 95%.

In addition, datafrom July and August 2002 have since been rerun to create acomplete testbed dataset. A statistical
comparison with observations over thistime period was performed by AL and is now available as a baseline dataset
tocompareagainst. (SeeFigure29for anexampleof acomparison of ozoneforecastsand observationsat oneparticul ar
station.) Development of thistype of testbed dataset isapowerful tool inmodel devel opment to aid the assesment and

Table 1
Real-time Model Runs at NOAA/FSL

Domain/ Meteorological Input Simulation How Initial Chemistry Anthropogenic
Horizontal Boundary Conditions Length Often Chemistry Boundary Emissions
Resolution Fields Conditions Input
DOY/ RUC20/Eta 60 Hours Twice FDDA Background EPA NET 95
21 km (12 Hours Daily Soundings

(FDDA +

48-Hour

Forecasts)
DO2/ MM5/Chem — 24 Hours Twice 12-Hour M5/Chem — EPA NET95
9km DO1 Daily Forecasts DO1
DO3/ MM5/Chem — 24 Hours Twice 12-Hour MM5/Chem — EPA NET95
3km DO2 Daily Forecasts DO2
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Figure 29. (right) Correlation coefficients of
observed versus predicted 0zone concentrations
at Harvard Forest, averaged over 120 runs
(July and August 2002). Displayed are the r?
for different model resolutions and different
forecast times for the day times.

Figure 27. (left) Time series of predicted (symbols)
versus observed (dots) wind speed (a, blue) and wind
direction (a, green), 2-m temperature (b, red), and
relative humidity (b, blue) for the Schenectady profiler
site as seen at 1200 UTC 10 August. Time starts on
the right side of the graph 1200 UTC 8 August.

Figure 28. (left) Observed (thick black line) and predicted
(color lines) ozone concentrations as measured on the
Ron Brown for predictions using MM5 9-km horizontal
resolution (middle panel) and 3-km horizontal resolution
(bottom panel). Displayed are results from model runs
starting at 1200 UTC 22 July (red lines), 0000 UTC 23
July (purple lines), and 1200 UTC 23 July (blue lines).
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understanding of currently available atmospheric numerical modeling systems, and point to areas where further
development is needed as we work toward production of reliable air quality forecasts.

Inaddition, FSL istaking thelead in devel oping the next-generation air quality forecast model, WRF/chem. Thefirst
version of thismodel already exists and includes all chemical modulesthat are apart of MM5/Chem (grid-scale and
subgrid-scal etransport, biogeni c emissions, deposition, photolysis, and theRADM 2 chemical mechanism). Evaluation
of thismodel iscurrently in progress, and it will probably be run in realtime during the summer of 2003.

Participation in Development of the Weather Research and Forecast (WRF) Model System — The overal goal
of the WRF model project isto devel op anext-generation mesoscaleforecast model and assimilation system that will
advance both the understanding and prediction of important mesoscal e weather, and promote closer ties between the
research and operational forecasting communities. The model and associated system are being developed as a
collaborative effort among NCAR, NCEP, FSL, the Center for the Analysis and Prediction of Storms (CAPS), and
other research institutions together with the participation of anumber of university scientists.

In collaboration with NCAR, FSL has worked on the development of physics packages and a three-dimensional
(3DVAR) analysissystem. FSL has contributed two physics componentsto the WRF forecast model —an alternative
land-surfacemodel based ontheRUCland-surfacemodel andthe Grell-Devenyi ensembleconvective parameterization.
Both of these schemeshavebeenfully implemented and testedinthe WRF model . FSL hasal so devel oped thestandard
initialization package for the WRF model, and has worked with the University of Miami on devel opment of aquasi-
isentropic variant of the WRF nonhydrostatic model.

TheWRFmodel isbeingtestedwith RUC nitial conditionsfor twodifferent domains, the20-km CONUSRUC domain;
and the 10-km TAQ New England domain. The WRF standard initialization (Sl) procedurewas modified to fully use
RUC native-coordinateinitial conditions, including hydrometeor and land-surfacefields. In addition, apost-processor
wasdevel oped fromthe WRF model to produce RUC-like GRIB output files, facilitating compari sonswith RUC model
forecasts. FSL will adapt WRF assimil ation and model systemsover thenext several yearstoincludean advancedrapid
update capability for operational implementation at NCEP. Itisplanned that the WRF model will supplant the current
RUC forecast model in the Rapid Update Cycle by 2006.

Projections

The Regional Analysis and Prediction Branch will continue to work with scientists at NCEP, NCAR, and other
organizationsto improve the RUC and WRF models over the next few years. Anoverview of the primary near-term
tasksfollows.

Implementation of Three-Dimensional Variational (3DVAR) Analysis in the 20-kilometer RUC — With tuning to
ensure sufficient accuracy for short-rangewind forecasts, the RUC 3DV AR analysiswill be added to the 20-km RUC
running at NCEP. The 3DVAR implementation will provide smoother analyses, more accurate forecasts, and a
framework for assimilation of radial wind observations from radar in the future. Development and real-time testing
will continueonthe3DV AR analysis, both for incorporationinto the RUC and toward thedevel opment of theSBDVAR
analysisfor the WRF model.

Continued Development of a National-Scale Cloud/Hydrometeor Analysis — Development and real-time testing
will continuefor further improvementsto the RUC national-scale cloud analysis, with the addition of radar, lightning,
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and surface observations to satellite cloud-top data. Experimentswill be carried out testing assimilation of a GOES
imager-based multilevel cloud product, as described below under the JCSDA plans.

Refinement and Testing of Improved Physical Parameterizations for Soil/Vegetation Processes, Turbulence,
Convective Clouds, and Cloud Microphysics — Some of thiswork will be done in collaboration with NCAR, since
the RUC model uses some of the MM5 parameterizations, which will be options for the WRF model.

National Observing System — FSL will continue its efforts with a team working toward an initiative to develop a
national mesoscal e observing system consisting of tropospheric and boundary layer profilers, ground GPSreceivers,
and radiosondes with ground tracking systems. This is an initiative with great potential impact for mesoscale
forecasting. Also under development is an observation system simulation experiment (OSSE) with a practical
observation network design and numerical model to verify the budgets and applicability.

Data Assimilation — Work will commence to test the WRF 3DV AR system within the RUC assimilation cycle.

High-Resolution Experiments Using RUC for the New England Temperature Air Quality Experiments — RUC
forecastswill continueto be madeat 10-km resol utionin support of thisexperiment. Inaddition, the WRF model will
berunoverthesamedomain, alsoat 10-kmresolution, initializedfromtheRUC. Thiswill allowinitial intercomparisons
between the current RUC hydrostatic model and the WRF nonhydrostatic model including RUC physical
parameterizations, the RUC | and-surfacemodel, and the Grell/Devenyi ensembl e-closure cumul us parameterization.
Objective verification of the model forecasts will be performed as part of these studies.

Participation in GEWEX — Collaboration will continue on the GEWEX/GAPP program, with the focus on
devel opment of acoupl ed atmospheric/land-surfaceassimil ation systemthat usesan optimal combination of radar and
satelliteobservationsto modify cloudsand preci pitation along withmodel forecastsin regionswhereobservationsare
unavailable.

Contribution of RUC Forecasts to the NCEP Short-Range Ensemble Forecast System — As part of an expansion
to NCEP' s Short-Range Ensemble Forecast (SREF) project, FSL will completeits effort begun thislast year to set
up an ensemble version of the RUC model running out to 63 hours on a48-km grid over the Etadomain. The RUC
SREF is spawned from a set of five members bred from the NCEP Etamodel, and isa candidate for inclusionin the
NCEP SREF set currently composed only of Etaand Regional Spectral Model bred members. Tentativeresultsfrom
the RUC SREF show substantial spread in the ensemble, but it needs to be determined whether the forecast skill for
the ensemble mean exceeds that of the operational RUC20 model, and statistical techniques must be developed to
assess the results.

Joint Center for Satellite Data Assimilation Activities— Futurework will first involve running and testing the Optical
Test Transmittance (OPTRAN) radiativetransfer model to replace the European Centrefor M edium-Range Weather
Forecasts RTTOV code that has been used in all RUC forward model calculations thus far. OPTRAN has been
chosen as the community radiative transfer model by the Joint Center for Satellite Data Assimilation. Outgoing
radiances from the RUC will then be subjected to OPTRAN forward model cal cul ationsto compare with the GOES
radiances. Theimager datawill beusedto determineclear-air radianceswith greater resol ution than using the sounder
estimates. Eventually, thegoal istoincorporatetheadjoint of theforward cal cul ationsinto the RUC three-dimensional
variational (3DVAR) analysisandtobeginusingthistorapidly updatetheradiancedataintheRUC and, | ater, theWRF
models.
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Local Analysis and Prediction Branch
John A. McGinley, Chief

Objectives

TheLocal Analysisand Prediction (LAP) Branch respondsto the needsof many government agenciesand the private
sector intheareasof local and mesoscal edataanalysis, datafusion, dataassimilation, quality control, three-dimensional
display andvisualization, and numerical modeling. Thebranchcarriesout theresearch and development of theL ocal
Analysisand Prediction System (L APS) and theimplementati on of mesoscal eforecast models. Theprimary objective
istoprovidereal-time, three-dimensional, local-scal eanal ysesand short-rangeforecasts (024 hours) for operational
weather offices, facilities, or field operations. Activities cover four broad areas:

Data Acquisition — Includes identifying, collecting, and quality-controlling any kind of atmospheric or earth
surfacemeasurement, such asthoseprovided by satellites, radars, mesonets, aircraft, GPS, balloons, and profilers.
Thisactivity alsoincludesdevel oping interfacesto” national” datasets, such asthegridded dataservicesprovided
viathe SatelliteBroadcast Network (SBN) datafeed and similar military systems. LAPSiscoupledwiththelL ocal
DataAcquisition and Dissemination (LDAD) system, which stores portable applicationsthat retrieve and render
AWIPS weather datainto images and graphical displays for dissemination.

Data Analysis — Accomplished using an integrated software package containing well-documented objective
analysis schemesthat apply quality control criteriato the data, spatially represent atmospheric conditions,
perform spectral filtering, and ensure vertical consistency. The dataanalysis system isrunning within AWIPS
in National Wesather Service (NWS) forecast offices, at the eastern and western space ranges at Cape Canaveral,
Florida, and Vandenberg Air Force Base (AFB), California, for the National Ocean Service for Chesapeake and
Naragansett Bays, for the U.S. Forest Service (USFS) in support of fire mitigation and firefighting, and for the
U.S. Army in support of precision parachute airdrop activities.

Mesoscale Model |mplementation — Accomplished using an expanding variety of mature nonhydrostatic
modeling systems, such as the Regional Atmospheric Modeling System (RAMYS) developed at Colorado State
University, MM5 devel oped jointly by NCAR and Pennsylvania State University, the hydrostatic version of Eta
developed at NCEP, and the Weather Research and Forecast (WRF) model under joint development by FSL,
NCAR, and NCEP. These models have been configured to be initialized by LAPS analyses and with time-
dependent boundary conditionsfurnished by all operationally avail ablegridded datasets(RUC, Eta, Aviation, and
theU.S. Navy Operational Globa Atmospheric Prediction System). |mplementation of theL APS system at some
NWS forecast offices has demonstrated the portability and effectiveness of running modelslocally. One such
demonstration, sponsored by NWS, teststhefeasibility of local modeling inNWSWFOs. Thecollocation of FSL
with the Denver-Boulder NWS Forecast Office has demonstrated the effectiveness of locally run modelsduring
the past few years, asL APS-initialized mesoscale models have been run on their local AWIPS hardware and on
FSL’s High-Performance Computing System for operational evaluation. Models have the option of being
initialized using the LAPS diabatic analysisthat allows afull representation of clouds and vertical motionin the
initial state. A unique ensemble of mesoscale models (RAMS, MM5, and WREF) is currently supporting the
weather forecast input to a road maintenance decision support system demonstration for the Federal Highway
Administration.

Dissemination — Includes delivery of weather products and basic fields developed from LAPS to users in
operational forecast offices and state and local government agencies, including emergency managers and other
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users specializing in fields such aswinter highways operations, fire weather, aviation and space operations, and
military operations such as those mentioned later. LAPS fields are compatible with AWIPS file formats and
appear in anumber of dedicated Webpages for specified customers. For fire weather support, LAPS analysis
and model fieldscan bedynamically located to specificfirelocations. Thistext format for 24-hour point forecasts
proved to be popular with USFS personnel.

LAPS can be displayed in three dimensions using the experimental D3D (Display Three-Dimensional) add-on to
AWIPS. Figure30illustratesanend product of the L APSeffort, namely to compl etely definethel ocal meteorol ogical
environment using thisD3D display (intheformof isosurfaces). Suchthree-dimensional displayscan helpforecasters
achieve a better conceptual view of complex meteorological processes. The LAP Branch, along with some NWS
Forecast Offices, continues to explore the potential of three-dimensional displays for operational use, perhaps
eventually as apart of AWIPS within the NWS as well as within other operational environments.

Accomplishments
Basic Analysis System Development

Three-Dimensional Variational Methods— LAPS appliesvariational methodsat variousstagesin itsanalysis. The
variational approach to the LAPS moisture analysis remains the method of choice to integrate GOES sounder
radiances, GOES-derived products, GPS, boundary |ayer moisture, cloud information, radiosonde, and profiler data.

Vis5D 3-D Display 10

Figure 30. Three-dimensional
Vis5-D image of forecast LAPS
fields including clouds (white/
grey material surfaces),
horizontal reflectivity at 675
meters (blue lines), vertical
cross section of reflectivity
(yellow lines), pressure
(millibars, black lines in
diagonal cross-section plane).
Back graphic plane shows
vertical motion (blue upward,;

red downward).
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InLAPSthevariational stepwaspreviously used only with GOESsounder radiances. Thevariational adjustment using
GOES radiances includes GOES three-layer precipitable water vapor, GPS total column water vapor, and cloud
information from the LAPS cloud analysisin onevariational formulation.

An ongoing data denial experiment providesinsight into theimpacts of the various data sources on the analysis. In
addition, this assessment tool can be used to gauge the strength and weakness of the different data sources, in order
to optimize their respective weightsin the variational equation. The statistics used in this study are acomparison of
analysisoutput to radiosonde data (taken asreferenced truth). Thisispossiblesinceradiosonde dataare not typically
used in the operational LAPS system due to their latency (poor timeliness). The goal of the moisture variational
application is to provide a complete product that describes the atmospheric water distribution from vapor to cloud
dropletsto precipitation, both liquid and frozen. Thisanalysis has been used to improve model initialization. This
analysisutilizesall conventional data, alongwith satellite, radar, and GPSdata. TheroutineisbasedontheLAPScloud
analysis, but then seeksto quantify all water substance. Variational methodsare used toimpose dynamic balanceand
continuity on the first-stage analyzed fields to accommodate the "Hot Start" analysis described below.

LAPS Advanced Quality Control — Quality control of observations is a continuing focus of LAPS analysis
development. A Kalman filtering schemeisused to improvethe quality and timeliness of surface observations. The
method allowsusersto optimally exploit local model output and past station trendsand buddy trendsto produce check
valuesfor surface stations. 1n conjunction with LAPS support of athree-dimensional 30-minute analysiscycle, the
Kaman scheme allows the merging of mesonetworkswith varying cycletimes. Working exclusively in data space,
theKa manfilter schemeiseconomical for useinthelocal computing environment and providesacontinuously updated
and accurate set of observationswhereall stationsappear at each cycle. Thisisan appropriate approach for instances
when auser requires good product time continuity, but has high variability in observation count from cycleto cycle.
Sincethe Kalman scheme still requires more computer storagethaniscurrently availableintheloca weather office,
it has not been widely used.

LAPS "Hot Sart" Procedure — The LAP Branch continues to improve the Hot Start procedure for diabatic
initialization of mesoscale models. The Hot Start initialization schemeis designed to develop initial conditions for
mesoscale models such asthe MM5, RAMS, and the mass-coordinate version of the (WRF) model. This scheme
isuniqueinthatit runsonsmall PC clusterswith Linux operating systemsand isideal for applicationsinlocal weather
offices where accurate short-term cloud and precipitation forecasts are needed. This system depends greatly on the
accuracy of the background modeling system, currently the NCEP versions of the RUC and Etamodels. The Hot
Start scheme uses estimates of vertical motion and cloud water and ice mixing ratios from the LAPS cloud analysis.
A variational analysisthat appliesboth mass continuity and mass-momentum balance makessmall adjustmentstothe
wind and temperaturefield to accommodate and sustain the cloudsin thefirst few time steps of the model integration.
Thecloudretrieval algorithmincludesabroad rangeof microphysical species, cloud-typedependent estimatesof cloud
vertical motion, and saturation of the cloud environment.

Verification with MM5 during the 6-week International H,O Project showed that the Hot Start outperforms other
initialization techniquesin the 0—6-hour timeframein forecastsof precipitation, most state variables, and 3-D cloud
and radar fields. Figure 31 shows equitable threat scores for precipitation for the entire experiment. Note that the
biasfortheLAPSHot Start 3-hour forecastsisnearly 1.0 acrossall precipitation categories(i.e. itisnearly unbiased),
whereasthe other modelscharacteristically overforecast very light precipitation amountsand display alargedry bias
for precipitationamounts >0.25inch. TheHot Start methodisusedtoinitializeM M5 over avariety of domainsincluding
the local Denver forecast area, where forecasters use it as an operational tool; the U.S. Air Force Western Range
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Figure 31. (a, above) Equitable threat
score (ETS) and frequency bias for
various precipitation categories (x-axis)
for 3-hour precipitation forecasts from
the 12-km LAPS Hot Sart MM5 (pink),
the 10-km WRF (green), the 12-km Eta
(orange), and the 10-km RUC (blue)
models; (b, below) Same results for the
6-hour forecast period.
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at VVandenberg Air Force Baseaspart of the Range Standardi zati on and Automation (RSA) implementati on di scussed
below, and IHOP field operational areasat 12- and 4-km grid resolution. The Hot Start system has been coupled to
the WRF-mass coordinate model for testing in alocal weather service office in conjunction with the Coastal Storms
Initiative carried out with the National Wesather Service and National Ocean Service. Itisalso under evaluation as
part of the MM5 modeling system at the Central Weather Bureau of Taiwan.

GOES Improved Measurements and Product Assurance Plan — The GOES Improved Measurements and Product
Assurance Plan (GIMPAP) project has been akey part of the L APS moisture algorithm devel opment for integrating
the high spatia structure of GOES imagery and sounder datainto the LAPS system. GIMPAP includes NESDIS
cloud-top pressure and layer-precipitable water products.

Thetotal precipitable water analysis over the [IHOP domain as generated by the L APS analysis system incorporated
real-time NESDI S product datawith greatly reduced latency (a30-minute cycleinstead of the customary 60-minute
cycle) and experimental GOES-11 single field-of-view (unsmoothed) radiance data. It also used indirect NESDIS
cloud-top product dataviathe LAPS cloud analysis. The |[HOP product stream was accurate and timely throughout
the 6-week field project.

Joint Center for Satellite Data Assimilation (JCSDA) — The latest OPTRAN code was obtained from NCEP,
compiled and tested, and made to run under IBM Al X, Linux Dec Alphaand Linux PC, and Sun OS. Current work
involveswriting the interface between OPTRAN and LAPS, and exploring the mesoscal e nature of the background
and observed error covariances for moisture analyses.

Applications of LAPS

LAPSin AWIPS—The L APS package haslong been anintegral element of the WFO-A dvanced workstation, running
asan applicationwithin AWIPSto produceavariety of gridded fiel dsthat may be combined with satelliteimagery and
radar on state- and local-scaledisplays. TheLAPS in AWIPSservestheLDAD system operating outsidethe AWIPS
network. Theindependent LAPS quality control systemwill supplement theLDAD quality control system to ensure
that local dataare monitored and properly employed. The LAPS group continuesto support new AWIPS builds and
updates the software as needed.

The WFO-Advanced workstation in Boulder receives 10-km resolution MM5 model output from twice daily model
runsonexactly thesamegrid and projectionastheLAPSanalysis. Thispermitsthedisplay of mesoscalemodel output
inafully integrated fashion, alongwith radar, satellite, and surfacedata. Forecasterscan check thequality of amodel
runby directly comparing model output with observations. Themodel isrunning experimentally intheDenver-Boul der
NWS Forecast Office on asystem within the AWIPS application hardware suite. Themodel runsin automated mode
withlittleinterventionrequired, andisdiabatically initialized using theHot Start procedurediscussed above. Another
onsitemodel implementationisnow inprogressfor theJacksonville, Florida, WFO under theCoastal Stormsinitiative.
Thismodel isbeing establishedtotest short-termforecast capabililty and application of high-resolutionwindforecasts
to improve estuarine water flow for harbor operations.

U.S Army Precision Air Drop Project — In 2002, the LAP Branch became involved with a U.S. Army-sponsored

developmenttoimprovetheaccuracy of middle-level and high-level parachutedelivery of logistical material tomilitary
units (Precision Air Drop Systems, PADS). Because of the complexity of wind profilesand air channeling terrain,
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computed air drop rel ease points (CARP) were often inaccurate, resulting in cargo being substantially off target. In
regionsof Bosnia, for example, the errorswere often wholevalleys off target, resulting in long excursionsto recover
the needed material. In conjunction with Planning SystemsInc., of Reston, Virginia, the LAPS group was asked to
porttheL APSanalysisontoalaptop that woul d betaken ondrop missions. Theconcept of operationsisfor theaircraft
to make a close proximity pass over the drop zone, rel ease a dropsonde, process and assimilate the dropsonde with
model background fields, and createahigh-resol ution profilethat accommodatesti me and space di splacementsfrom
the dropsondeto cargo rel easetime, while accounting for flow channeling over rugged terrain. Thelaptop computes
an updated CARP, within minutes, reducing the threat period for the aircraft. LAPSwas ported into the PADS and
isnow undergoing testing at an Arizonadrop range. LAPSisabletoingest thedataquickly and providethewind data
torecomputethe CARPin lessthan 3 minutes. Testsso far have been good for mid-level drops, but lessso for high-
level drops.

Participationin IHOP —FSL participated in the International H,O project (IHOP) inMay and June 2002. Different
versionsof mesoscalemodels—runinreal time—were used to aid in the nowcasting and forecasting effort to support
IHOP operations. Formal real-time evaluation and documentation of the model forecasts were part of the IHOP
effort, using onlineformsto record forecaster assessment of the quality and usefulness of themodels. A moreformal
evaluation is taking place after the end of the IHOP field phase, in coordination with researchers at NCAR and at
the Storm Prediction Center (SPC). Figure 32 shows example forecasts from three of the modelsfor arather subtle
dryline situation during avery dynamic convective event and acomparison of the composite radar imagery over the
IHOP region to aforecast from the 4-km MM5 model showing a pronounced bow echo forming along adeveloping
squall line.

Figure 32: (a, left side) 6-
hour surface temperature
and wind forecasts valid
at 2100 UTC 15 June 2002
from three experimental
mesoscale models run by
FSL during IHOP for a
rather subtle dryline
situation during a very
dynamic convective event
and (b, right side)
composite radar imagery
over the IHOP region at
0000 UTC 16 June and a
6-hour forecast from the
4-km MM5 model.
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The Range Standardization and Automation (RSA) Project — Several years ago, the Air force initiated the Range
Standardization and Automation (RSA) programto moderni zeand standardizethe command and control infrastructure
of the two U.S. Space Launch facilities (ranges), located at Vandenberg Air Force Base, California, and Cape
Canavera Air Station, Florida. During this past year in cooperation with Lockheed Martin Mission Systems, an
integrated | ocal dataassimilation and forecasting systemwasinstalled at both ranges. TheRSA system runson Linux
"Beowulf" clustersfrom IBM at each range and atest cluster at FSL for use in system development. The clusters
consist of 8 dual-processor Pentium |11 nodesand 1 dual -processor front-end node, totaling 18 processors. A Myrinet
interconnect is used for high-speed message passing between nodes.

Thefirst version of the RSA Data Assimilation and Forecast System, based on LAPS coupled with the NCAR fifth-
generation MesoscaleModel (MM5), isintestingmode. Thesystem produceshourly LAPSanalysesandanew MM5
forecast runevery 6 hoursonatriple-nested domainwith 10-km, 3.3-km, and 1.1 km grid spacing, respectively. These
analyses make use of the AWIPS Local Data Acquisition and Dissemination (LDAD) interface to incorporate data
sourcesuniquetothelaunchfacilitiesinadditiontotheradar, satellite, and other datasetsavailableviathe AWIPSdata
feed. Every 6 hours, these analysesare used to perform adiabatic initialization of an MM 5 forecast run. Theforecast
model outputs hourly forecast fields out to 14, 12, and 9 hoursfor the 10-km, 3.3-km, and 1.1-km grids, respectively,
using 2-way nested feedback. The entire system isintegrated with the Linux version of AWIPS installed at the Air
Force ranges. Figure 33 shows an example of a product on the interior (1-km mesh) of forecast surface wind and
temperature, verifying surface plots, and comparative wind forecasts from the MesoEta model over the local area
surrounding Vandenberg AFB.

TheRSA and projects spurred numerousimprovementstotheLAPS/IMM5 predictionsystem. First, thecloudanalysis
was adapted to ingest and use narrowband radar reflectivity from multiple WSR-88D sites, availableviathe Satellite
Broadcast Network (SBN) feed into AWIPS. This provides better coverage over the entire domain of the grid used
for the RSA, whichis spatially larger than atypical NWS Forecast Office domain. Second, the cloud analysiswas
modifiedtouseaclimatological abedofieldtoincreasetheutility of thevisiblesatelliteimagery. This, combinedwith
therecent integration of the GOES 3.9 micron channel, hasgreatly improved the system'sability to detect low stratus
clouds over the ocean surrounding the Western Range.
Third, for the purposes of initializing anumerical weather
predictionmodel, thefinal three-dimensional concentrations
of the hydrometeor species are scaled as a function of
horizontal grid spacing. Finally,toensurecompatibility with
current numerical weather prediction model microphysics
schemes, any grid box volumecontaining cloudliquidorice
israised to its saturation level with respect to the phase of
the cloud species. This prevents rapid evaporation of the
cloud and the concomitant spurious generation of cool
downdrafts within the first few time steps of model
integration.

Figure 33. 5-hour surface forecast for 1700 UTC 11
January 2002 from LAPS/MMS5 of isotherms (red
contours), wind barbs (tan), and 6-hour MesoEta
wind forecasts (green), all valid at 1800 UTC, and
verifying surface observations (cyan).
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These RSA capabilities together represent the first operational installation of alocal modeling system completely
integratedwith AWIPSinaWFO-likeenvironment, thefirst operational installation of theL APSdiabaticinitialization-
Hot Start method, andthefirst operational useof aLinux-based AWIPSsystem. Ongoing FSL workincludesingesting
and optimizing the use of all local meteorol ogical datasets, incorporating new capabilitiessuch asonlineverification
of theforecast grids, enhancing utilization of the satellite datato improve cloud analyses, and improving the LAPS
diababicinitializationmethod.

High Performance Computing — The FSL High-Performance Computing System (HPCS) has been a critical
resourcefor all of thenumerical modeling activity inthebranch, including the unique mesoscal e model ensembleused
for the Federal Highways Project described below. This experience continuesto provide important feedback to the
system devel opers and computer specialists regarding configuration issues and future upgrade plans.

Collaborative Modeling Projects

Inter national Collaborations— Scientists continue an active collaboration with the Central Weather Bureau (CWB)
of Taiwan. Thebranch hostslong-term visitorsfrom Taiwan, forming working rel ationshipsthat are very beneficial
inimproving the real-time data preprocessing for LAPS, the analyses, and the modeling components. Software has
been enhanced for ingest of alarge variety of surface and upper-air data, including rawinsonde, mesonet, cloud drift
wind, METAR, ACARS, synoptic observations, and necessary adaptationsto changing satellitedata. LAPSnow runs
with dataingest fromaCWB model background, hundreds of mesonet surface stations, and four radars covering each
of the four U.S. Coasts.

The CWB-LAPS products feed into CWB's Weather Information and Nowcasting System workstation. The onsite
and "shadow systems" (running at FSL) wereimproved to completely mimicthe CWB system. Thesurfaceanalyses
were upgraded to handleanalysis of variablesin the coastal zonesby increasing correlation over similar earth surface
characteristics. Useof model backgroundsinto L APSwasimproved and coupl ed to bogussi ng techniquesfor tropical
cyclone positioning. Satelliteimagery for infrared and visible bands are ingested in the cloud analysis scheme.

The CWB MM5 modeling effort wasthefocus of avisiting scientist at FSL who worked with the group to configure
amultinested modelingdomain, aL APSHot Startinitialization capabililty, inclusion of bogussing, and aprecipitation
verification system. Resultsindicated that the Hot Start scheme hel ped to better define tropical rainbandsleading to
improved 0-9 hour forecasts. Asan example, Figure 34 showsforecasts of Typhoon Rammasun, which skirted the
islandsto the northeast of Taiwan. Experimentswererunwith cold start, hot start only, and hot start with bogussing.
Three 6-hour forecasts are shown along with comparative track forecasts out to 24 hours for each realization. The
Taiwan MM5 system is being implemented at the CWB.

Branch staff visited with Central Weather Bureau forecasters and researchers in Taipel to conduct training on the
potential useof LAPSinoperational forecastingand discussideasfor nowcasting. A Webpage (http://laps.fd.noaa.gov/
szoke/taiwan/taiwan_lapstrainingpage.html) was created to display the training sessions online and provide a
subjective evaluation of the LAPS performance at the Taiwan CWB.

Additional collaboration with the Korean Meteorol ogical Agency (KMA) and Hong Kong Observatory (HKO) has
been less formal but ongoing. Both agencies are interested in devel oping a high-resolution modeling and analysis
capability. KMA hasalready devel oped aprototype LAPS/MM5 system, whichisbeing tested, and HK O isworking
on a LAPS development.
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Ensemble Modeling of Winter Road Conditions — In collaboration with NCAR, LAP Branch scientists began
designing an ensemble of mesoscal e models to support a Federal Highways Administration (FHWA) road weather
project. The ensemble includes multiple models (MM5, RAMS, and WRF) with lateral boundaries provided by
multiple large-scale models (AVN, Eta, and RUC) that run at relatively high spatial resolution. Although ensemble
techniques have been applied before on grids with approximately 25-km resolution, runs for this experiment were
performed on 12-kmgridsand were used to makesite-specific (road) probabilisticforecasts. Theneedfor quantitative
precipitation forecasts early (0—3 hours) inthe forecast cycle necessitated the use of the LAPS hot start for all model
runs. Cold started model runswereattempted, but thesewereof littlevalue. Gridsfromthe 9-member ensemblewere
fed into the NCAR Maintenance Decision Support system where the weather probabilities were used to make road
mai ntenance deci sions (mabilization of trucks, routes, typesof chemicals, duration, etc). The system has been tested
during the 2003 winter. Figure 35 shows four ensemble members and forecasts centered over the lowa test area.

Developments for the Weather Research and Forecast Model — The branch is involved in three key areas of the
WRF modeling system. The Standard I nitialization (SI) software createsmodel start-up gridsfrom the NCEP national
AVN, RUC, or Etamodels. Theland-surfacemodule(L SM) of WRF uses"static" fields(such asvegetationgreenness,
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Figure 34. MM5 simulated radar 6-hour forecasts for three
scenarios. (a, top panels, left) cold start (model initialized
with background only), (center) LAPS Hot Sart with data
and background, and (right) LAPS Hot Start using a
background bogussed position of storm in the background
fields. The latter method produces the best analysis, although
rainbands are more mature in the hot start versus the cold
start. (b, left) shows the comparative track forecasts: red is
actual track with southern dots showing initial positions and
northern dots showing forecast position at 24 hours; blue is
cold start forecast; brown is hot start; yellow is hot start with
bogussed initial position.
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albedo, land use, terrain height, land fraction) that have been assembled and reformatted, al ong with efficientinterface
software. Thethird areais agraphical user interface (GUI) for the localization of the WRF to be used by the WRF
community. Theinitial version of the GUI wasreleased to the WRF user community in early 2003. These software
components — developed by the LAP Branch and sponsored jointly by the Air Force Weather Agency, FHWA, and
FAA —arereleased routinely with the WRF model itself.

MMS-ETA 10/28/2002 (09:00) 24 hr fest MMS-AVN 10/28/2002 (09:00) 24 hr fest
Valid 10/29/2002 09:00 GMT Tot Acc Pop (in), Acc Snow Depth (in), Pop Typ Valid 10/29/2002 09:00 GMT Tot Acc Pop (in), Acc Snow Depth (in), Pep Typ

e a:vmmn.r‘“’-"“a.a-"_

RAMS-ETA 10/28/2002 [09 00) 24 hr fcst WRF-AVN 10/28/2002 (09:00) 24 hr fcst

Valid 10v29r2002 09:00 GRAT Tot Acc Pep (i < Snow | in), Pe; Valid 10/29/2002 09:00 GMT

Figure 35. 24-hour forecasts on 29 October 2002 showing precipitation accumulation for the upper Midwest
(centered over lowa). (a, upper left) MM5 with Eta boundary condition; (b, upper right) MM5 with the AVN
boundary conditions; (c, lower left) RAMS with Eta boundary conditions; and (d, lower right) WRF with AVN
boundary conditions using models initialized with LAPS'Hot Sart.

59



FSL in Review — 2003

Lidar OSSE Studies— A strong interest has evolved over thelast 20 yearsin the possibility of inferring atmospheric
winds from Doppler lidar measurements aboard a polar orbiting satellite. Two satellitesin appropriate orbits could
providedaily global wind coverage, at |east wherethe pul sesof energy fromthelidar are not blocked by clouds. Cost
isnot theonly issuewith thisobserving system. Thetechnol ogy for obtaining radial wind vel ocitieswith good signal -
to-noiseratio isstill being perfected, and more than one lidar has been proposed to do thejob. For thisreason, FSL
cooperated with the Environmental Technology Laboratory (ETL), NCEP, and NCARto study theimpact of Doppler
wind lidar data on numerical models. FSL was responsible for studying theimpact of the dataon forecasts over the
U.S. using aregional observing systems simulation experiment (OSSE).

For thecasestudy, along-duration, pureforecast from February 1993 wasgenerated using theglobal model devel oped
at the European Center for Medium-Range Weather Forecasts (ECMWF). LAP Branch ran the Regional Nature
Run (RNR) using the PSU/NCAR mesoscale model (MMD5) initialized from the ECMWF Nature Run to simulate
onboard lidar data (clouds, winds, vertical velocity). The huge MM5 domain of the RNR covered most of North
Americawithal0-km horizontal (740x 520) grid spacing and 43 vertical levels. Thisdomainwastailoredtoinclude
the present domain of the RUC model. Simulated observations were extracted from the RNR over an 11-day period
for inclusioninto the RUC dataassimilation system. The simulated dataincluded the entire suite of operational and
futurelidar observations; thus, synthesized rawinsonde, ACARS/MDCRS, surface, METAR, wind profiler,andVAD
windswereall extracted fromthe RNR fieldswith appropriateerror characteristics. Thelidar line-of-sight windsfrom
the satellite positions in four-dimensional space were determined by ETL from the Cartesian winds and cloud
hydrometeor fieldsprovided fromtheRNR. Thelast remainingtask wasto conduct avariety of sensitivity experiments
with the mesoscal e data assimilation system (RUC) with and without the lidar data, with various combinations of
boundary conditions, and withandwithout liquid and/or icecloudspresent. Resultsfromthisexperiment canbefound
in the section on the Regional Analysis and Prediction Branch.

NOAA Coastal Sorms Initiative —With the cooperation of the NOAA National Ocean Service, the NWS embarked
on a project to test and evaluate locally produced, high-resolution grids derived from an onsite, high-resolution
mesoscalemodel, driving an estuary flow model that predictsharbor and river depthsfor safenavigation. A secondary
purposeisto test themodel for forecasting marine hazardslikethunderstorms, winds, and heavy precipitation events.
LAPBranch’'sroleinthisisto bring to bear the experience gained from other deployments (such as RSA), link the
LAPSanalysistothenew WRFmaodel, and set upthesystemat the Jacksonville, FloridaWFO. Jacksonvilleisuniquely
qualified for the test with abusy harbor, two major estuaries (St. Mary and St. John rivers), and frequent occurrence
of thunderstorms and tropical weather. The sea and river breezes make for a complex land/water interaction and
justifiesthehigh-resol ution modeling approach. Thesystem runsona9dual processor linux cluster andingestsall local
data. The 24-hour forecasts (4 times aday, both cold and hot start) run in about 3 hours. The grid isasingle nest of
5-kmresol ution and usesthe Etamodel asbackground and boundary conditions. Theneedfor short rangequantitative
preci pitation forecasts necessitates the use of the LAPS diabatic initialization scheme. Adjusting the schemefor the
sub-tropicswill beamajor challenge. Thisdemonstrationwill beanimportant considerationfor theNWSinthedecision
to support local modeling in weather offices.

U.S Forest Service Fire Consortia for Advanced Modeling of Meteorology and Smoke (FCAMMS) — In 2002
the LAP Branch becameinvolved in a project to develop an FCAMM Sfor the Rocky Mountain Research Station in
Ft. Collins, Colorado. The goal of this project wasto develop an analysis and modeling capability that encompassed
needed fire-specific (both planning and incident) support products. The MM5 model was used to devel op 12-km and
4-km nests for large sections of Arizonaand New Mexico (the Southwest Area Coordination Center) and Colorado
and Wyoming (the Rocky Mountain AreaCoordination Center). These modelsand analyseswererun over the news-
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worthy 2002 fire season. Products were disseminated using a Webpage. The fire manager/user had the option of
initiating specific point forecastsfor new firelocationsby simply entering thelatitude and longitude. Duringthe next
model cycle (4 times per day) a test product was generated with weather for the next 24 hours. Development is
continuing to add new products, increase resol ution, and improve existing products and the appearance and utility of
theWebpage. Oncetheinitial capability iscompleted, new membersof theconsortiumwill besought. Stateand federal
agencies with a need for high resolution weather support are likely candidates.

Projections

During 2003, the Local Analysisand Prediction Branch plansto:
» Continueto support LAPSin AWIPS, interacting withthe AWIPS contractor, Litton PRCInc., andtheNWS
to achievethisgoal.
* Support the U.S. Army Precision Air Drop System (PADS) by improving and expanding sources of data,
ingest and use of climatology, and improved estimates of model error and variance.
» Continuethe cooperative effort with Lockheed-Martin in devel oping the RSA weather support systemsfor
the Space Flight Centers at Cape Kennedy and Vandenberg Air Force Base. Help with expanding the
customer base for RSA-like systems. Investigate whether improvements to the background error term
specifications and new methods to deal with spurious convection in the model forecast can result in
replacement of the current system with a fully cycled, rapidly updated four-dimensional data assimilation
system.
» Completethe evaluation of the FSL special model runsfrom IHOP with the goal of improving operational
model prediction of convectioninitiation, evolution, and quantitative preci pitationforecasts (QPFs). Strivefor
further improvementsin short-range QPFsusing an optimized diabaticinitialization technique applied to the
MM5, WRF, and RUC models. Determine how forecast mesoscal e convective systems compare with the
typeobserved, includingananalysisof therel ative contributionsof forecast displacement, intensity, and shape
errors to the total error. Publish the results.
» Demonstrate L APS capabilities on the new high-performance multiprocessor, continue investigating Hot
Start techniques, and perform an assessment ontheuseof 3DV AR for local analysisinthecontext of theWRF
mode.
» Continuedevel opment of themultimodel ensemblemethodol ogy; determinethe optimum configurationfor
best forecasts and user-friendly products. Improve the postprocessing to devel op optimum waysto provide
consensus forecasts and statistically based products. Seek new applications and projects for a mesoscale
model approach.
» Complete the WRF Standard Initialization and graphical user interface and distribute the model to the
community. Complete range of land surface fields for ingest into the land-surface model subsystem.
* Support the U.S. Forest Service FCAMMS project by improving the local model runs and analyses, and
improving dissemination via the Web. Provide training to USFS personnel on model configuration and
management.
* Set up, install, and tune the LAPS/WRF modeling system for the CSI project. Support product cyclesand
grid outputs for independent verification. Support NWS/OST in presenting results to the NWS Corporate
Board.
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Meteorological Applications Branch

Steven E. Koch, Acting Chief
303-497-5487

Objectives

The Meteorological Applications Branch performs diagnostic studies of weather-related phenomena, including
mesoscale convective systems and clear-air turbulence. A springboard of these studies is the development of
diagnostictool sthat are applicableto routine observations, datafrom experimental networksor model grid-point data,
andthat utilizestati stical methods, fundamental dynamical rel ationships, and derived parametersrel atingtounobserved
variables. These studies often result in products of value to forecasters and are transferred to the National Weather
Service (NWS). Research quality datasets of operational sounding and precipitation dataand of commercial aircraft
atmospheric dataare assembl ed to support FSL modeling and diagnostic activities, and are shared with other NOAA
laboratories and NWS research groups. The branch also conducts field tests and computer simulations to study the
impact of ball oon-based, in situ observing systemson atmospheric and oceanic monitoring for environmental prediction
and climate observations.

Accomplishments
Global Air-ocean IN-situ System (GAINS)

TheGlobal Air-ocean IN-situ System (GAINS) isan Earth observing system of 400 regularly spaced platformsfrom
whichin-situ sounding of theatmosphereand ocean, andin-situ collection of air chemistry samplescanbeperformed.
Itisanticipated that several kinds of vehicles, operating between 18 and 23 km, will make up the GAINS low-Earth-
orbit constellation. Superpressurized, shear-directed balloons and remotely operated aircraft (ROA) are presently
under consideration. GAINS vehicle development currently emphasizes the superpressure balloon and appropriate
altitude control mechanisms. A number of forecast tools have been refined for planning and support of GAINSfield
tests. Execution of amajor milestoneinthedevel opment of the GAINSbrought the concept onestep closer tofruition.

GAINSPIII Flight — Themaiden flight of the 60-ft diameter GAINS Prototypelll (PII1) balloon occurred on 21 June
2002. Thisflight met several devel opment objectives, including launchingthePl 11 balloon, floatingit at altitudefor more
than eight hours, transforming the ball oon envel opeinto adecel eration device, achieving asaf e descent rate, tracking
theballoonfromanaircraft; forecasting ball oontrajectory beforelaunch, updating balloonlanding positionduring flight,
and recovering the balloon and payload.

Manufactured by GSSL, Inc., of Hillsboro, Oregon, and launched from their Small Balloon Facility at Tillamook,
Oregon, the 500-pound balloon carried a 325-pound payl oad containing packagesfrom four organizations. The FSL
payload included GPSfor locating the system, two independent radi o- and software-controlled termination methods,
and environmental sensorsto monitor balloon performance. The payload al so contained aGPSreflection experiment
fromNASA/Langley, redundant | ocating capability based onadesign adapted fromthe Edge of Space Science (EOSS)
of Denver, Colorado, and backup location and termination units from the Physical Science Laboratory of New
Mexico State University and from GSSL.

Nominal float altitude of 54,000 ft was achieved after reaching amaximum altitude of 57,000 ft. A tracking aircraft

kepttheballoonwithinradiolineof sight at all timesduring the 225-mileflight, and personnel onboard coordinated the
flight with FAA Air Traffic Control. Two additional vehiclestracked the balloon from the ground and recovered the
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payload. The balloon’s descent was slowed by the GSSL BERS™ (Balloon Envel ope Recovery System), in which
theball oon envel opetransformed to aparachuteand the system descended at about 500 ft per minute. Thesoftlanding
caused no damageto the payl oad capsul e, and minimal damageto thewheat field south of The Dalles, Oregon, where
it landed. Theentire system wasremoved from thelanding site and returned to Tillamook within 24 hours of landing.
Figure 36 shows the actual flight path and the path predicted using winds from the global AVN numerical model.

GAINS Pump Test Flight — On 17 August 2002 a flight was launched from Meadow Lake Airport, northeast of
Colorado Springsin acooperative effort between the GAINS and EOSS groups. Themain objective of theflight was
totest the operation of theturbine devel oped by Advanced Engineering at GAINS operational altitudes. Resultsfrom
laboratory experimentsindicated that the turbine met the requirements for flow rate, power needs, and weight; this
experimental flight wasintended to affirm these results under true atmospheric conditions. Turbine electronicsand
control softwarealgorithmswerealsotested. A 19,000 cubic-ft polyethyleneballoonwasusedfor lift, and a500-gram
latex ballooninaGAINS P-I 8-ft nylon shell used asaballast balloon. The planwasfor the turbineto pump ambient
air into the ballast balloon until the desired super pressure was achieved. For thisexperiment, the turbine wasto be
tested at 50,000, 60,000, and 70,000 ft, with inflation continuing until a super pressure of ambient plus 15% was
achieved. Thepayload, consisting of all control and communication el ectronics, waslocated in aninsul ated ring that
encircled the turbine on alightweight disc with three supporting legs, known asthe "lander" (Figure 37).

Thegusty natureof thesurfacewindsprior tolaunch madefor complications, themost significant being theintroduction
of small holesinthe polyethylenelift balloon from contact with the ground. Most, but not all, of thesewererepaired
prior tolaunch, resultingin aflight duration shorter than expected. Theballoonreached amaximumaltitudeof 32,000
ft beforedescending back to earth. Unfortunately, thisaltitudewasnot sufficient to all ow testing of the GAINS pump.
Although the pump performance could not betested, the setup and launch proceduresaswell astracking and recovery
were successful. Thiswill enhance the ability to achieve the goals when the test is repeated later.

Evaluation of Balloon Trajectory Forecast Routines — Software has been developed that uses observations and
model wind datafor prediction of balloontrajectoriesfor GAINS. A fifthversionof thesoftware, utilizing output from
the U.S. Navy NOGAPS model, was added to the four other versions that currently use rawinsonde data, global
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AVN model winds and RUC-2 model winds. Each version produces predicted balloon positions in 1-minute
increments, and these are available to FSL personnel and collaborators in textual and graphical form at the GAINS
Website, http://www-frd.fsl.noaa.gov/mab/sdb/overview.htm.

A verification study was performed on the predictions made for the period 1 March 2001-31 August 2001, building
upon a 1-month study performed in 2001. Prior to that initial study, comparisons were limited to examination of
experimental flight data on a case-by-case basis. Since resource constraints have not permitted twice daily balloon
launches (from which actual balloon trajectories can be obtained), a verification system was developed using
predictionsfrom hourly analysesfromtheM APSRUC-2 model asabaselineto examinedifferencesbetween baseline
and predicted trajectories from the rawinsonde and AVN model-based predicted trajectories. When segregated by
season (spring and summer), the comparisons show a significant decrease in correlation of longitudinal errorsfrom
springto summer. Median valuesappear toindicatestronger zonal windsinthe RUC datain comparisontothevalues
obtained from the AV N-based predictions. Further study is planned, including comparison with GAINS and other
actual balloonflights.

Support of NCARDropsonde Experimental Flight—ThelnterContinental Radiosonde Sounding System (ICARUSS),
also called Driftsonde, isaproposed new atmospheric sounding system for use during the upcoming THORpex (THe
Observing-system Research and predictability experiment) field projectsin 2003 or 2004. The ICARUSS concept
uses a thin polyethylene balloon (0.35 mm) with avolume of 268 cubic metersto lift a payload (up to 40 kg) of 24
dropsondes or modified radiosondesto an atitude of about 100—75 mb (53,000-60,000 ft) and maintain that altitude
for 5 or 6 days. The altitude of the balloon can be adjusted
over alimited range to take advantage of the most favorable B
upper-level westerly wind flow.

Simulations using 1999 wind data over the Atlantic and
Pacific oceans show that balloons launched from coastal
radiosonde sites (in the eastern United States or Asia) will
travel across the oceansin approximately 5 or 6 days. The
dropsondewouldtel emeter the measured profiledataback to
theballoonwhereit would bereceived, processed, and stored.
A compressed dataset (e.g., WMO message or 10-second
data) would be sent through a Low Earth Orbiting Satellite
(e.g., ORBCOM) to aground station and on to the THORpex
control center for further processing and/or input into the
Global TelecommunicationsSystem (GTS).

A 2-hour experimental flight was|aunched from Tillamook,
Oregon, on 28 February 2002. Software written for GAINS
balloon trajectory prediction was modified to use flight
parameters appropriate for the Dropsonde flight, and these
changes were provided to NCAR personnel at Tillamook.
Through use of these predictions, NCAR was ableto make a
prelaunch assessment of theexpected flight path, andrecovery

personnel were positioned in the proper area Figure 37. The GAINS payload lander package
prior to launch.
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Sation-keeping Balloon Concept — A cursory examination of thetechnical feasibility/capabilities of aself-propelled
Aerodynamic Canopied Balloon Cluster (ACBC) was prepared, and a rudimentary model was constructed and
demonstrated. Thisconcept evaluation wastoward abuoyant craft that could float (rather than fly) to high altitudes
wheretheair isthin enough so that aerodynamic streamlining and solar powered turbines could allow the craft to fly
against theprevailing wind with enough speedtoremainfixedin spaceat altitudesexceeding 70,000 ft. Asenvisioned,
the systems onboard an ACBC craft might include:

» Standard |liftingballoons

» GBP-033 altitude ballast control pumps (GAINS pump)

» Aerodynamic canopy structure

* Solar cell panelswith manipulators

* Propulsion pods with ducted fan units/motors controllers

* Battery charging system with lithium ion polymer batteries

* Programmed modul e for GPS|ocation capability

* Radio communicationsmodule

*Cargo gondolaand load lines

Theoverall ACBC concept suggested hereisradical, but the various components exist and in some casesare " off the
shelf." Thenet payloadsmay besubstantial, asball oontechnol ogiesallow for payloadsinto thethousandsof kilograms
at relatively low cost.

ForecastingClear -Air Turbulence

Field Sudies—Fundedin part by the FAA’ s Aviation Weather Research Program and operating in the Pacific Ocean
in collaboration with NOAA’s Winter Storms Reconnaissance Program, the SCATCAT (Severe Clear-Air
Turbulence Colliding with Aircraft Traffic) experiment was conducted in 2001. Scientists in the Meteorological
ApplicationsBranch collaboratedwithNCAR, the Aeronomy L aboratory, and NA SA to test the performanceof RUC
model predictorsof turbulence and to better understand turbulence generation mechanisms. Theseforecastsare used
to construct the Integrated Turbulence Forecast Algorithm (ITFA) appearing on the Aviation Digital Data Service
(ADDS), http://adds.awc-kc.noaa.gov, at the Aviation Weather Center.

FSL scientistshave analyzed data collected by the NOAA Gulfstream-1V (G-1V) aircraft from oneof the SCATCAT
missions. In-flight observationsweremadeat several altitudesand dropsondeswerel aunched fromthe41,000-ftlevel
along atrack perpendicular to the core of an upper-level jet streak. The aircraft encountered moderate-or-greater
(MOG) turbulenceonthreelegsof thestack, highlightedinyellowinFigure 38. Thisfigureisacross-sectionanalysis
of wind speed, potential temperature, and DTF3-diagnosed Turbulent Kinetic Energy (TKE) fieldscomputed fromthe
dropsonde data. Regions of strong vertical wind shear are evident above and below the level of thejet core. There
isalsoastrong suggestion of vertically propagating gravity wavesabovethejet coreandtoitscyclonicsideinthelower
stratosphere (inthe 260-176-mb layer). Coherent streaksof M OG turbulenceare predicted by the DTF3 (Diagnostic
Turbulence Flux Algorithm) field primarily in thelayersof strong shear just above and below thejet core and within
the warm front stable layer. Theselayersof high DTF3 correspond well to the observed in-flight turbulent regions.

TheRUC20 model wasrunfor thisSCATCAT case, representing thefirst timethat the RUC had ever been positioned
to run entirely over the Pacific Ocean. The AVN model was also used for thefirst timeinstead of the Etamodel for
specification of theRUC boundary conditions. Figure 39 showsacrosssection of isentropesand i soplethsof isentropic
potential vorticity taken perpendicular tothejet corebut over alonger length than thedropsondecrosssectionin Figure
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38. Thesemodel predictionswere compared to fields of winds, potential temperature, and ozone (potential vorticity
istaken asasurrogatefor ozone) measured by theaircraft. Thiscomparison revealed very similar features, including
the warm frontal zone, the upper-tropospheric front/jet system zone, and regions of strong vertical wind shear and
associatedlarge DTFwithinthesezones. A deeptropopausefoldispresent alongthewarmfrontal zonedowntoamost
700 hPa, but of greater interest are multiple tropopause "undulations" in the upper-level front of the model. Also of
interest are mesoscale gravity waves in the lower stratosphere directly above the jet core, with vertically varying
horizontal wavelengths of ~100-160 km. Similar wavesin the dropsonde analysesin thelower stratospheredirectly
abovethejet core displayed wavelengths of ~80 km. A higher-resolution version of the RUC, of course, might have
produced shorter wavelength features.
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Figure 38. Vertical cross section of wind magnitude (blue lines, 5 m s? isotachs), potential temperature (black
lines, 2K isentropes), and DTF3 turbulence diagnostic computed from dropsondes (note release times at
bottom of display) from 2300, 2600, and 0600 UTC 17 February through 0000, 2400, 0200 UTC 18 February
2001. Jet core is highlighted by winds in excess of 80 m s? (maximum of 100 m s?), and DTF3 values are
contoured at 0.6 and 1.0 n? s3 (yellow and red areas, respectively). Also shown are the stacked legs of the
G-IV tracks (black lines with arrows depicting sense of aircraft travel), and those segments of the legs (yellow
highlighting) for which moderate-or-greater turbulence was diagnosed in the flight-level data (see text). Note
distance scale at top of display.
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Wild fluctuations in ozone measurements from the NOAA/ARL experimental instrument were measured at the
41,000-ft1evel, but fluctuationsinthepotential temperatureand windin-flight observationsdid not correl ate highly with
the ozone data, nor was much turbulence reported on thisflight leg. 1t was concluded that these rapid fluctuationsin
ozoneat thislevel represented "fossil turbulence" or remnantsof earlier stratosphere-troposphereturbulent exchange
processes. By contrast, the correlation between the ozone and in-flight variables, as well as with the RUC model
potential vorticity variations, wasvery high at the 33,000-ft altitude. Also, moderate turbulencewasreported at this
flight altitude, asthe G-1V was penetrating arather pronounced gravity wave within the upper-tropospheric frontal
zone. Thus, active turbulence was occurring in association with gravity wave activity at this altitude, but not at the
higher level.
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Figure 39. Vertical cross section of potential temperature (black lines, 2K isentropes) and isentropic potential
vorticity (colored shading, in units of PVU) produced from a 6-hour forecast by the RUC20 model valid at 0300
UTC 18 February. A pronounced tropopause fold is shown at the upper reaches of the warm front, which is
marked by strong static stability from 500 hPa to 900 hPa in the center of the domain. The upper-level jet core
occurs in the vicinity of several "tropopause undulations." Notice the presence of mesoscale gravity waves
in the lower stratosphere above the jet core. Also shown is that part of the cross section sampled by the G-
IV aircraft (black vertical lines). Distance scale appears at bottom of display.
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Time series and spectral analyseswere performed for each of theseflight legsin an attempt to rel ate the appearance
of turbulenceto mesoscal egravity waveactivity. Potential temperatureand longitudinal wind exhibited ahigh degree
of cross correlation, as did the potential temperature and ozone data at the 33,000-ft level. Such astrong "in-phase
covariance" is expected of either deep propagating gravity waves or, more likely, decaying (evanescent) waves.

The SCATCAT research revealed that M OG turbulence occurred in conjunction with gravity waves shed within an
upper-level fractured front on the cyclonic shear side of thejet core. Besidesthismajor finding, it was concluded that
RUC-forecast DTF isauseful diagnostic of turbulence, whereas ozoneis not, and that both the M OG turbulence and
the high DTF regions occurred in the vicinity of the strongest mesoscale gravity wave activity in both the model
forecasts and the aircraft observations.

Diagnostic Algorithm Devel opment — Theforecast skill of Integrated Turbulence Forecasting Algorithm (ITFA) and
its component algorithms has been evaluated both objectively and by forecasters. These studies show that the best
of the algorithms display similar probability of detection (POD) curves, and that there is considerable room for
improvement. Research conducted at FSL indi catesthat theseal gorithmsal sotypically predict patternsthat aresimilar
to one another, and that MOG pilot reports (PIREPS) of turbulence often fall in the margins of the predicted ITFA
regions. The best of these algorithms are fundamentally based on the destabilizing dynamics of vertical wind shear.

FSL developed an experimental turbulence prediction scheme based on a radically different dynamical concept,
namely that turbulence is generated as mesoscal e gravity waves are shed when an unbalanced jet streak propagates
toward an inflection axis in the upper-level height field (the SCATCAT analyses discussed above lend additional
support to this contention). Diagnosed gravity waves and model flow imbalance have been shown in detailed case
studiesby Forecast Research Division scientiststorel ate strongly, not only to each other, but alsoto MOG turbulence
reports. Theflow isconsidered to beunbal anced when thereisapronounced residual inthecomputed sum of theterms
inthe nonlinear balance equation from the RUC model. Imbalancetypically occursin essentially the sameregion as
where mesoscale gravity waves develop and upstream of where the turbulence is reported, as demonstrated in one
caseshowninFigure40. Noteinthisexamplethat theimbalanceisoccurring precisely at thetip of thedry air stream
associated with subsidence within a pronounced jet streak (or "potential vorticity streamer,” discussed below). The
conventional turbulence diagnostic DTF3, which is a major contributor to the ITFA, fails to predict the swath of
turbulence reportsin the Ohio River Valley region, whereas the imbalance indicator field successfully capturesthis
event. Onthe other hand, DTF3 doesacrediblejob at delineating the other swath of turbulence reportsin the Great
Lakesregion, not captured by theimbalance field. Thiscomplementary nature of theimbalance indicator fieldsand
DTF/ITFA istypically observed to occur.

A Webpage was created this past year to examine the relationships between diagnosed flow imbalance from the
RUC20model and M OG turbulencereportsonadaily basis. Thismorethoroughinvestigation hasshownthat mountain
waves generated by strong flow over rough terrain like the Rocky Mountains are even more highly correlated with
turbulence and flow imbalance than are the imbal ances associated with the jet stream and cyclonic storm systems.
Whilemesoscalemodel slikeRUC can beuseful for diagnosing theflow imbal anceregionsandwheregenerally gravity
waves are likely to form, they do not reliably predict the details of the gravity waves themselves, such as their
wavelength, phase speeds, and soforth. Thenew predictiveschemebeing devel oped at FSL not only producespatterns
systematically different from the current ITFA algorithms but also predicts turbulence regions missed by those
methods. Further refinement of forecast turbulence regions might be obtained by adding the requirement that an
efficient wave duct must be present downstream of the region of diagnosed flow imbalance to retard the vertical
leakage of waveenergy, thusall owing coherent wavesto persist. Theoptimum amount of smoothing of theimbal ance
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fields, the proper threshol ds, and other numerical issuesmust all beresolved, beforethenew imbalanceindicator field
can beincorporated into I TFA to increaseits utility.

Mesoscale Diagnostic Studies

Moisture Transport by the Low-level Jet (LLJ) — The Central Plains Low-Level Jet (LLJ) is a warm-season
phenomenon that transportslarge amounts of moisturenorthward into the center of theU.S., thereby playingacritical
roleinthelocationandintensity of precipitation. Unfortunately, theexisting observational networkisnot well designed
to describethe LLJ. Theradiosonde network, for instance, often missesthe period of maximum jet intensity in very
early morning (to say nothing of itsspatial dimensionsor substructures), and wind profilers often cannot observe low
enoughtocapturetheL L Jcore. Perhapsevenmorecritically, neither radiosondesnor profilerscan adequately observe
thedetailed boundary layer moisturedistribution. Asaresult, numerical initialization fieldsdo not accurately represent
transport of moisture by the LLJ, with inevitable negativeimplicationsfor quantitative precipitation forecasting.

The IHOP project offered a unique opportunity to carry out two aircraft missions (led by the Forecast Research
Division Chief) to observe the morning LLJ over Oklahomaand Kansas. Each mission utilized airborne dropsonde
data, Differential Absorption Lidar (DIAL) data flown on the German Falcon, High-Resolution Doppler Lidar

Figure 40. Analyses and 3-hour RUC forecast diagnostics valid at 1200 UTC 7 February 1999: (a) enhanced
water vapor imagery and time-space converted MOG PIREPSs over a +2-hour interval, (b) heights and wind
at 300 hPa, ridge axis (thick curve), and jet isotachs (kt), (c) DTF3 prediction of turbulence and MOG PIREPs
overlay, and (d) unit streamwise advection of the residual of the nonlinear balance equation (the imbalance
indicator field).




FSL in Review — 2003

(HRDL) datafrom NOAA/ETL aso flown on the Falcon, and in one of the cases, hyperspectral radiometric data
from the NASA Proteus aircraft, to observe astrong LLJin good atmospheric conditions (i.e., substantially free of
clouds). Theseobservationsoffer anexcellent opportunity to preparedetail ed three-dimensional meteorol ogical fields
of moisture and winds at a multitude of scales and the possibility to compute a moisture budget. The objectiveisto
examine these data to determine the impact of fine-scale moisture observations on the numerical prediction of
preci pitation. Another ongoing task iscombining datasetsobtai ned fromthetwo aircraft mi ssionsto compute moisture
budgetsand performdiagnostic and numerical modeling studiesof these casesto test the hypothesi sthat warm-season
QPF skill can be significantly improved by better characterization of the transport of water vapor by the LLJ.

Structure and Dynamics of Gravity Currents and Undular Bores — The IHOP field phase collected a surprisingly
largenumber of eventsinwhich either athunderstorm outflow boundary or coldfront, acting asan atmospheric gravity
current, intruded into a stably-stratified boundary layer and generated an undular bore (akind of hydraulic jump) on
the top of the inversion. In some cases, deep convection appeared to have been generated by the vertical motions
attending this phenomenon, which are quite strong (updrafts of several meters per second magnitude). An
unprecedented number of ground-based and airborne remote sensing systems observed the passage and evol ution of
boresin IHOP, including FM-CW radar, the NCAR Multiple Antenna Profiler (MAPR), Raman lidar, the NASA
GLOW and HARLIE aerosol backscatter lidars, refractivity fields obtained from the NCAR S-POL radar, an
Atmospheric Emitted Radiance | nterferometer (AERI) system, the French Leandre-11 DIAL system aboard the NRL
P-3 aircraft, and the University of Wyoming King Air aircraft. FSL is collaborating with a team of international
scientiststo analyze these data. Also, very high-resolution numerical simulations of two bore events are underway
to better understand the origin, dynamics, entrainment mechani sms, and i nfluenceon convectioninitiation by undul ar
bores. Much more will be reported on these studies in the next issue of FSL in Review.

Potential Vorticity Streamers — Researchers in Europe and the United States have noted the frequent occurrence
on water vapor satellite imagery (GOES and METEOSAT) of pronounced dark filaments, which are mesoscale in
width and varying in length up to the largest scales of atmospheric motion (see Figure 41). The most pronounced of
these dry filaments have a parallel jet stream immediately to the south, and according to recent studies conducted at
FSL, asimilarly shaped band of collocated, enhanced potential vorticity (a"PV streamer"). Another satellite-observed
feature—enhanced ozone — suggeststhat aPV streamer isadownward intrusion of stratospheric air along an upper-
level front.

Monitoring PV streamershasprognosticvalue. InEurope, PV streamershavebeenidentified asprecursorstoflooding
along the Mediterranean slopes of the Alpine piedmont. In the United States a number of case studies have
documented M CS devel opment near apreexisting PV streamer. Some of these MCSswere accompanied by severe
weather and flash flooding, aswasthe case with one occurring 28 June 1999 over Kansas (described in the 2002 FS-
In Review). Thisstorm wasonein aseries of four MCSs that occurred along a PV streamer that persisted six days
over the central and southeastern United States. Thetotal precipitation from thesefour M CSs produced asignificant
fraction of the area’ s annual precipitation.

Inadditionto being aval uableforecasting ingredient to organi zed convection and heavy precipitation, the PV streamer
isafascinating phenomenon, richin dynamical and thermodynamicimplicationsdeserving of seriousscientificstudy.
It combines upper-level jet stream dynamicswith the flow of midtropospheric, dry, potentially cold air having alow
static stability. Someresearchershave suggested that theexit region of an upper-level jet streak enhancesatransverse
low-level jet asaresult of massbalance. Others have suggested that upper-level PV passing over alow-level front
canorganizeadevel oping cyclonic circulation. With the addition of moisturetothelow-level jet, the mechanismsfor
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producing organized convection are al present. The details of how the ingredients combine to shape an MCS await
results of field experiments (such as BAMEX) and those of mesoscale modeling at FSL.

Research Quality Datasets

Climate Station Monitoring Project — As part of the USWRP- (U.S. Weather Research Program) funded Health
of theNetwork Project at the National Climate DataCenter, asystem to assure preci pitation observation homogeneity
intheclimatedatarecord hasbeendevised and partially tested. Magnitude, frequency bias, and Equitable Threat Score
have been chosen as measures of correl ation between measurement sites because they implicitly compensate for the
highly variable and binary (on-off) character of precipitation. In thisapplication, scores are computed between sets
of observation pairs made at individual target stations and a set of their neighbors. Comparison of results between
winter and springinlowaillustratethat seasonal variability caused by i nstrumentation responseto frozen precipitation
may not be as significant a problem as feared. Computations of longer-term precipitation totals (3—7 days) have
revealed no advantage to homogeneity tests performed over periods longer than one day.

NCEP Gauge Quality Control Project — A system for the automated screening of hourly gage precipitation
observations has been designed to find failing gaugesin the Hydrometeorol ogical Automated Data System (HADS).
Funded by the USWRP, thissystemwassolicited by National Centersfor Environmental Prediction (NCEP) toprovide

T
s o

: ngEn s - o &0 Wit

53 7 ey LT

qokg — 08 04 02 01 05— . clouDs i
T | i

- Uva -
WEATHER

40004 5-& IMG U3 22 AFR 01112 000000 DOOES O956S O1.00

Figure 41. Mid-to-upper tropospheric specific humidity at 0000 UTC 22 April 2001 displayed using an altered
water vapor product. Note that the dry filament in the CentralU.S is an extension of a much larger feature
of the large-scale flow pattern.
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more timely gauge quality indicators to prevent the use of faulty gaugesin analyses used to initialize model runs.
Followingtheidentification of several characteristicfailuretypes(e.g., gaugesthatjam on or off for long periods), tests
for these failures on individual gage have been devised. Several of these tests are based on the most recent 30-day
distributions of precipitation characteristics such asdaily and hourly rainfall frequency. Gaugesthat fail these tests
canthen beentered on argject list to eliminate them from precipitation analyses and model verification. Becauseold
or inaccurate station metadata have often been aweak link, proceduresto automatically update relevant station lists
havebeenintroduced. Anautomated procedurefor gaugequality control and rejectionwill becompleted during 2003
and delivered to NCEP for implementation.

Assessing the Quality of Real-Time Precipitation Gauge Observations — An ongoing collaboration with the Real-
Time Verification System project group seeks to improve verification procedures for model-based precipitation
forecasts. Over the past year, thisverification effort concentrated on the use of hourly point precipitation observations
at sites to which model fields were interpolated. Of major concern was the determination of the quality of hourly
observationsin order to screen out unsatisfactory observing sites and to reincorporate sites with good observations
that in the past have not been included in the set of stations presented in near real time by River Forecast Centers.

ACARSYAMDAR Quiality Contral System— A computer program to flag and in some cases correct weather datafrom
automated sensors on commercial aircraft (called ACARS in the U.S. and AMDAR in the rest of the world) was
upgraded. Thequality control system usestemporal and spatial consi stency checksal ongeachflight track and altitude-
adjusted climatological consistency checks to discover errors. It also interpolates locations and times for high-
resol ution observati onstaken during ascent and descent enabling these datato beused in numerical weather prediction
model research and weather forecasting. The quality control system was upgraded to ingest and display datafrom
the MDCRS (Meteorological Data Collection and Reporting System) datastream, produced by Aeronautical Radio,
Inc. MDCRSdataarelargely the same asdataprovided by airlinesdirectly to FSL, and decoded here, but have some
differences. Because M DCRSfeedsnumerical weather prediction model srunby NCEP, itisimportant to understand
these differences. The QC system attempts to match each MDCRS observation with one decoded directly by FSL,
and report thedifferences. The QC system wasal so upgraded to process experimental icing datafrom DeltaAirlines,
in support of aresearch effort led by the National Center for Atmospheric Research and funded by the FAA.

ACARS-RUC Intercomparison Database — A database has been developed that compares ACARS data with 1-
hour RUC forecasts. RUC data are interpolated to the location of each ACARS observation. This database, with
9monthsaccumul ated data, isused to devel op error statisticsfor longitudinal and transversewinds, andfor other RUC
and aircraft error analyses.

North American Radiosonde Dataset — For years FSL has been providing a CD-ROM archive of quality-controlled
radiosonde data for use by the research community. During 2002, updates were made to the global and North
American station history filesto reflect changesin the network sites, including moves, station identification changes,
and addition of new stations. The Website was modified to correct problemsin the generation of duplicate skew-T
plots for different stations, and software was incorporated to handle the change to a new year without interrupting
service.

FSL Websites

GAINS Website (http://mwww-frd.noaa.gov/mab/sdb/) — This GAINS field briefing Webpage is accessible to crews
inthefieldwherever aphonelineexists. Updated hourly, thispage containsthe current surface observationand upper-
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airwindsfor Tillamook, Oregon, thelocation of annual test flights, aswell aslinksto satellite, radar, numerical model,
and surface and upper-air charts and other data. Upper-air chartsfor mandatory pressure levels above the height of
100 mb covering the continental U.S., Pacific Northwest, and Colorado regions are generated in-house and added to
the briefing Webpage.

Chemical Weather Research and Development Website (http://www-frd.noaa.gov/aq) — In support of a major
NOAA initiative to improve temperature and air quality forecasting, a Website was devel oped that that will present
real-timeandretrospectiveresultsfromair quality models. Theregionof interestisprimarily New England, thelocation
of the Temperature and Air Quality (TAQ) project conducted in 2002. A related site on high-resol ution temperature
forecasting may be found at http://www.temp-ag.org.

National Hourly/Daily Precipitation Website (http://precip.fsl.noaa.gov/hourly_precip.html) — Development
work continued on a\Website that displays hourly and daily precipitation datafrom NCEP. Dataare displayed on a
national map that optionally shows rivers and county boundaries. Moving the cursor across the map reveals the
available data, and a mouse click provides adaily time series of the data. Users can zoom and roam on the map for
detailedlocal structureof precipitationevents. Y earsof precipitation observationsareavail ableat thesite. Significant
improvements have been madeto thisWebsite as part of aUSWRP-funded project with NCEPto improve screening
of the operational network of real-time hourly precipitation observations. Included in the set of new features are a
utility tolocateindividual stationsonthedisplay, extensionof thegeographical display toaglobal domain, incorporation
of standardized Javacodefrom several FSL Websitesto simplify sitemaintenance, andimproved ability todistinguish
stationsthat arein very close geographical proximity.

ACARSAMDAR Website (http://acweb.fsl.noaa.gov/) — Many upgrades were made to this site, which displays
weather data from automated sensors on commercial aircraft. Air Route Traffic Control Center boundaries were
added to aid users working at Center Weather Service Units (CUSUs). Additional North American VOR stations
were added, primarily at the request of users at CWSUs. Experimental icing data from Delta airlines can now be
displayed. Data can be selectively displayed based on data source: either ACARS (decoded at FSL), MDCRS
(decoded at ARINC and ingested into NCEP models), or AMDAR (non-U.S. data). Observations with missing or
bad wind and temperaturedatacan beexcluded fromthedisplay. Additional statistics(suchasnumber of observations
inaparticular geographic region) are displayed. Datareporting wind speedsin excess of 200 kts are now displayed.
Data downloads may now be restricted to specific types of data (such as ACARS or AMDAR) and datain specific
geographic regions, thereby potentially speeding up dataloading. Java code was upgraded to be consistent with the
latest versions of Java, such asthose used by Netscape version. Several audiovisual tutorialswere created and made
available on the Web; these show in detail how to use the various options available on the Web display.

Recently, 86 sites (such as participating airlines, United States and foreign forecast offices, and research institutions)
accessed the site, which is restricted to specific users at the request of the airlines providing the data. These sites
requested morethan 2,500 datal oadsand | ooked at morethan 4,100 soundings. Figure42 showstheupgraded display.

Interactive Soundings Website (http://www-frd.fsl.noaa.gov/mab/soundings/java/) — This Website interactively
displays past and forecasted soundings from two versions of the RUC model, as well as from wind profilers,
radiosondes, and aircraft. Thispageisbecomingincreasingly popular, with morethan 56,000 accessesfrom over 450
major domains (such as"noaa.gov" or "delta.com") —nearly twiceas many asin January 2002. The easily adaptable
Java code that runsthis site has been requested by more than 80 organizations, and has been rel eased to them under
FSL’ sopen-source softwarelicense/disclaimer. Thesitewasupgraded to display worldwideradiosonde data. Also,
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the latest available data from any radiosonde site are listed, to save users the troubl e of seeking data from sites that
have not reported recently.

National Mesonet Website (http://mww-frd.fsl.noaa.gov/mesonet/) — Using Java, a national mesonet Website was
developedtointeractively display observationsfrom 22 mesonetworks (up from 17 ayear ago), maritime buoys, and
the METAR network, with typically morethan 7,000 stationsfrom around theworld (up from 3,200 ayear ago). The
sitedisplaysweather dataand quality control informationfromFSL’ sM eteorol ogical Assimilation Datal hgest System
(MADIS). The Javacode has been modularized into packages, which are shared with other FSL Websitesto allow
easier code maintenance, and upgraded to be consistent with the latest versions of Java, while remaining compatible
with earlier versions. Recently, North American highways were added as an overlay, thereby helping to put site
locationsin perspective, particularly when the map iszoomed into alocal region. Thesite, previously restricted, is
now publicly available. During January 2003 it wasaccessed morethan 2,900timesfrom 525 uniquedomains. Figure
43 shows mesonet data for aregion centered on Washington, D.C.

RUC-ACARS Website (http://acweb.fsl.noaa.gov/ruc_acars/) — This page is similar to the ACARS/AMDAR
Website (above), and similarly restricted. It displays ACARS data along with RUC 1-hour forecastsinterpolated to
the location of the ACARS data. Standard meteorol ogical variables (wind and temperature) from either the aircraft
or the RUC model may selectively be displayed, along with ACARS-RUC differencesin vector wind, wind speed,
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Figure 42. ACARSAMDAR Website display of aircraft tracks worldwide for a 1-h period on 11 March 2003.
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and temperature. Thesiteisused primarily within FSL, and is useful for identifying aircraft wind and temperature
biases, and RUC errors. The page displays data from the ACARS-RUC intercomparison database, and as of this
writing, 9 months of dataare availablefor display.

PIREPs-AIRMETs Website (http://www-ad.fsl.noaa.gov/fvb/rtvs/turb/2003/interrogation_tool/) — This page
displays pilot reports (PIREPs) and AIRMETS (warnings issued by the Aviation Weather Center). Currently it
displays only AIRMETs and PIREPs related to turbulence. Raw PIREPs along with their decoded values are
displayed whenthe cursor ismoved over adatapoint. AIRMET skill statisticsmay be generated for each AIRMET,
and for each Aviation Weather Center region, including Alaska. This site has been useful for understanding more
deeply AIRMET turbulenceskill statisticsgenerated by FSL'sRTV Sproject. Also, becausethissiteallowsdisplays
of turbulencePIREPsreported since 21 January 2002, it hasbeen useful inverifying turbul ent eventsidentified by other
means, such as infrasound.

North American Radiosonde Database Website (http://raob.fsl.noaa.gov) — This site provides access to the most
recent yearsof global radiosondedata. Upgrades|ast year included updatestotheglobal station history and provisions
to accommodate the change over to the most recent year without serviceinterruption or loss of data. The FSL format
was slightly changed to show north or south latitudes and east or west longitudesto avoid confusion. Problemswith
duplicate skew-T images being generated for different stations were resolved.
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Figure 43. Surface mesonet data for a small region centered on Washington, D.C., for a 76-minute period
on 12 March 2003. The temperature coding range has been adjusted so the cooler stations, toward the west,
are shown in blue, and the warmer stations, in the east, are shown in red. Washington National Airport is
shown at the cursor location. The beltway and other highways are shown in brown.
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Projections
During 2003, the M eteorol ogical ApplicationsBranchwill beinvolvedinthefollowing activitiesand studies.
Forecasting Clear-Air Turbulence

Field Sudies— Analysis of the SCATCAT caseswill be completed with the objective of deriving acomprehensive
picture of the atmosphere producing turbulence. This interpretation will be built using the dropsonde data,
meteorol ogical datafromaircraft flightlevel, ozonedatafromthe Aeronomy L aboratory’ sexperimental sensor flown
during SCATCAT, and model analyses. In addition to the case study analyses, modeling studieswill be completed
with a10-km version of the RUC to determine whether mesoscal e features captured in the aircraft data are resolved
inthemodel, whereandwithwhat intensity themodel devel opsturbulencefrom both diagnostic and prognostic routines,
how this model turbulence compares with that measured by the aircraft, and how tropopause folding in the RUC
compares with the onboard ozone measurements.

Diagnostic Algorithm Development — The residual of the nonlinear balance equation and other methods will be
further investigated to arrive at the optimum method for diagnosing imbalance and for determining the appropriate
threshold values. Real-time eval uation of these approacheswill continueto be performed in preparation for planned
implementation and full evaluation within ITFA inthe next year. Idealized modeling studies will be performed to
develop a basic understanding of the nonlinear-scale contraction process by which mesoscale gravity waves may
steepen and saturate, leading to turbulence production at smaller scales.

Mesoscale Diagnostic Studies

Moisture Transport by the Low-level Jet (LLJ) — The aircraft datawill be processed and analyzed to determine the
impact of fine-scale moisture observations on the numerical prediction of precipitation. The combined datasets
obtained from the two aircraft missions will be used to compute moisture budgets and diagnostic and numerical
modeling studies of these cases will be performed in order to test the hypothesis that warm-season QPF skill can be
significantly improved by better characterization of the transport of water vapor by the LLJ.

Structure and Dynamics of Gravity Currents and Undular Bores — The remote sensing data observing bores in
IHOP will be analyzed in collaboration with a team of international scientists. Very high-resolution numerical
simulations of two bore events, possibly to include Large-Eddy Simulation (L ES) studieswith specialized treatment
of theboundary layer, will be conducted toincrease understanding of theorigin, dynamics, entrainment mechanisms,
and influence on convectioninitiation by undular bores.

Potential Vorticity Streamers—FSL plansto participateinthe BAMEX field experiment and compl eteitsmesoscale
modeling of PV streamer interactions with mesoscal e convective systems, and to publish the resultswithin the year.

Research Quality Datasets
NCDC Climate Sation Monitoring — A prototype monitoring system utilizing algorithms based on precipitation
verification scoreswill becompleted and forwardedto NCDC for installation and testing. Prior to project completion,

the schemewill betested on sel ected states and on stationswith identified historical inhomogeneities. Theresults of
statistical simulationsdoneat NCAR intended to determinetherequired duration of precipitation analysis periodsfor
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different regions of the United States will be applied to the system when compl eted.

NCEP Gauge Quality Control Project — Software to apply a set of retrospective checks on distributions of key
precipitation characteristics (e.g., frequency of hourly and daily precipitation intended to determine, respectively,
gaugesthat stick on or off and observing sitesthat report only non-zero preci pitation amounts) will be completed and
forwardedtothe Environmental M odeling Center of NCEPfor installation. A period of monitoring system performance
at FSL (viathe RTV S, wherethe systemwill also beinstalled) and at EM C will beinstigated prior tofinal application
at EMC. Alsoduringthisperiod, adaily automated procedureto update and collatedaily and hourly reporting stations
and produce areduced station list will bewritten andinstalled. There areno firm plansfor additional improvements
to the Real-Time Precipitation Website.

ACARSAMDAR Quality Control — This system will be fully documented and passed on to agroup of programmers
at FSL so that thereisno single point of failurefor the system. Datafrom additional airlines, will beintegrated into
the system, and the error characteristics of these data will be investigated.

ACARS-RUC Intercomparison Database — Once an entire year of data have been accumulated, detailed ACARS-
RUC statistics will be generated and stratified by season.

North American Radiosonde Dataset — Plansto continue with upgradesto thisdataset are pending sufficient funding.
FSL Websites

Chemical Weather Research and Development Website — Development of this Website depends upon new
directions taken in the NOAA Chemical Weather program.

National Hourly Precipitation Website— The collaborative project with NCEP to improve rain gauge QC and assess
the Stage |V precipitation product involvesfurther improvementsto thisWebsite, to be completed over the next year.

ACARSYAMDARWebsite—Thissystemwill befully documented and passed onto agroup of programmersfor several
pointsof failurefor the system. Datafrom additional airlinesand additional sensorswill beintegratedinto the system.

Interactive Soundings— This sitewill continue to be maintained and dataflow into it monitored, but it will probably
not be upgraded, becausethe early version Javacodeused init isuseable on awider variety of computersthat cannot
run newer versions of Java. Pending identification of resources, scriptswill be written to ease the reloading of past
data cases upon request.

National METAR Website— New mesonetswill be added asthey become available, and dataloading will be speeded
up. Pending identification of additional resources, wind gust and precipitation amountswill be shownfor those sites
that support them.

RUC-ACARS Website — Pending identification of resources, this site will be expanded to include additional RUC
forecasts longer than 1 hour, such as 3-, 6-, and 12-hour forecasts. Skill statistics will be generated.

PIREPs-AIRMETSs Website — This page is designed primarily to provide feedback for forecasters at the Aviation
Weather Center. Feedback will be gathered, and future upgrades will be tailored to the forecasters' needs.
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Demonstration Division

Objectives

TheDemonstration Division eval uatespromising new atmospheric observing technol ogies, suchastheNOAA Profiler
Network (NPN), devel oped by the NOAA Research Laboratories and other organi zations and determinestheir value
in the operational domain. Activities range from demonstrations of scientific and engineering innovations to the
management of new systems and technologies. In support of NOAA’s mission to serve society's need for weather
and water information, the division uses new upper-air observing techniques to create and disseminate reliable
assessments of weather, climate, space environment, and geodetic phenomena. The data and techniques devel oped
and implemented by the division also support seasonal to interannual climate forecasts aswell asthe prediction and
assessment of decadal to centennial climatechange. Dueto alargely unanticipated synergy betweentherequirements
for atmospheric remote sensing and the more traditional applications of the Global Positioning System (GPS; i.e.,
positioning, navigation, andtimetransfer), the GPS-M et Observing SystemsBranchwithintheDemonstration Division
also promotes safe havigation by providing GPS and other observationsto the National Geodetic Survey network of
continuously operating referencestations(CORS), theU.S. Coast Guard (USCG), U.S. Department of Transportation
(DOT), and other GPS users in the public and private sectors.

These activities are an investment in scientific research, the development of new technologies to improve current
operations, and in NOAA'spreparation for thefuture. Thedivision hassuccessfully demonstrated all major el ements
of threereliable, low-cost continuousupper-air observing systems—wind profilers, Radio A coustic Sounding System
(RASS) temperature profilers, and ground-based atmospheric water vapor sensing observing system (GPS-Met).
These systems complement other operational and future ground- and space-based observing systems. New
information network tools and techniques have been adapted to acquire and process Cooperative Agency Profilers
(CAPs), GPS, and surface meteorological observations from NOAA and other public/private organizations and
international partnerships. Thiscapability allowsrapid expansion of observing system coverageat extremely low cost.
Thedivisionhasbeenheavily involvedintransferring environmental expertise/technol ogiestoimproveNOAA’ sability
toserveitscustomersand forge stronger tieswithitspartners, especially NOAA’ sNational Weather Service (NWS),
DOT, and Department of Defense (DOD).

During 12 years of operation, the NPN has been providing important upper-air datato avariety of customers. The
NWS uses data from the NPN, CAP, and GPS networks routinely in computer-generated forecasts, and its field
forecasterstailor model guidanceto local conditions. The data are also available for interested usersviathe Global
Telecommunication System and for the public viathe Internet. Dataare used by many other federal, state, and local
organizations for support in weather forecasting, aviation, and monitoring climate and air quality. One of the NPN
customers, theLawrenceLivermoreNational Laboratory, usesNPN dataascritical input toitsdispersionmodel. The
model supports work under contract to DOD and the Department of Energy (DOE) for Homeland Security. At the
request of NASA and the National Transportation Safety Board (NTSB), all NPN, CAP, and GPS-Met data taken
during thebreak up of the spaceshuttle Columbiawere provided tothemfor important forensicanalysisindetermining
the root cause. In particular, the Palestine, Texas, and Winnfield, Louisiana, profiler data captured the time and
horizontal and vertical positionsof some of thefalling fragments.

Currently thedivisionisengagedinthefollowing major projects:

« Operation, maintenance, and enhancement of the 35-station NOAA Profiler Network (NPN), which includes
three systems in Alaska and the CAP sites (Figures 44 and 45).

« Collection, correction, and distribution of wind and temperature data from the CAP sites.
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« Planning and support activities for a Fiscal Y ear 2006 initiative for a national upper-air mesoscal e observing
system which will include profilers and GPS-Met systems.

» Development, deployment, and eval uation of anall weather integrated preci pitablewater vapor (IPW) observing
system using radio signals from the satellite GPS.

« Evaluation of three GOES high data rate communication systems for network deployment.
» Assessment of alternative network data communication technologies.

e Upgrade of the surface meteorological sensor package at NPN sites to include winds and precipitation
measurement capability.

The division comprises five branches organizationally; however, the brancheswork in afully integrated team mode
insupporting the overall objectivesof thedivision.

Network Operations Branch — Monitors systems health and data quality, and coordinates all field repair and
maintenance activities.
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Figure 44. Location of all 35 NOAA Profiler Network sites and Cooperative Agency Profiler (CAP) sites
providing data via the Profiler Website.
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Engineering and Field Support Branch —Provides high-level field repair, coordinatesall network logistical support,
designs and deploys engineering system upgrades, and redeploys GPS or profiler systems as needed.

Software Development and Web Services Branch — Provides software support of existing systems, develops new
softwareand database systemsasneeded, providesWeb support of thedivision’ sextensiveWeb activities, anddesigns
software to support anational deployment of profilers.

GPS-Met Observing Systems Branch — Supports development and deployment of the GPS-IPWV Demonstration
Network, and provides software development and scientific support.

Facilities Management and Systems Administration Branch — Manages all computers, data communications,
network, and computer facilities used by the staff and projects of the division.

Figure 45. All NOAA Profiler Network sites, including Alaska (upper left), with radars and surface instruments.
Circles show location of NPN sites without RASS, stars show location of NPN sites with RASS,

81
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Network Operations Branch
Douglas W. van de Kamp, Chief

Objectives

The Network Operations Branch is responsible for al aspects of NOAA Profiler Network (NPN) operations and
monitoring, including the coordination of logistics associated with operating a network of 35 radars and surface
instruments. Theoriginal concept for an operational profiler network envisioned the Doppler radar profiler aspart of
an integrated upper-air remote sensing system capable of measuring winds, temperature, and humidity. The
Demonstration Division’ s progresstoward these goal sinclude the addition of the Radio A coustic Sounding Systems
(RASS) for temperature profiling in the lower troposphere at 11 NPN sites, and GPS integrated precipitable water
vapor (GPS-1IPWV) systems for moisture measurements at all NPN sites. In addition to the 35 NPN sites, another
200+ NOAA and other-agency sitesaremonitored for timely GPS positionsand surface observationsto producereal -
time IPWV measurements. Additional wind and RASS data have been acquired from a growing number of
independently operated profiler sites, now totalling about 80. These Cooperative Agency Profilers (CAPS) include
many lower troposphericboundary layer profiler sitesplusafew higher power profilerssimilar toNPN sites. Thedata
fromthese CAPsitesarenow availabletothemeteorol ogical community inreal timeviathedivision’ sWebpage. Along
with thefour other brancheswithin the division, thisbranch maintainsand improvesthe NPN and CAPreal -timedata
availability to the National Weather Service (NWS) and other worldwide users. The Network Operations Branch
directly supportsNOAA’ smission of improving weather productsand servicesby providing real -timecomprehensive,
high quality upper-air and surface observationsto NWS forecasters and numerical weather prediction models.

Accomplishments

The availability of hourly NPN winds to the NWS remained high through 2002, averaging about 95%. A summary
of the overall performance of the network for the past 12 yearsis presented in Figure 46. This and other tracking
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mechanisms are used to assess the strengths and weaknesses of the NPN. During the past year, the NPN datanever
fell below 90%, compared to all previousyears. Itisinteresting to notethe general pattern of decreased availability
of hourly windseach year during the spring and summer months, comparedtoslightly higher availability duringthe fall
and winter months. Thispattern hasbeen analyzed andisattributed toincreased lightning activity and severeweather
during the convective season (cause of more commercial power failuresand lightning induced profiler site hardware
damage) andair conditioner failuresduringthesummer. Fromthistrendanalysis, additional lightning suppressionand
communi cations equipment protection were added to the profiler sites.

The mean time between failure (MTBF) for individual NPN sites and the total number of failuresresulting in adata
lossof 24 hoursor greater arepresentedinFigure47. Themorereliablesitesarelistedtotheright, andthelessreliable
sitesto theleft. These MTBF statisticsinclude any communication and commercial power outages (with duration
of 24 or more hours) and any profiler site hardwarefailures. The profiler site hardware was designed for an MTBF
of 6 months, and at least 6 NPN sites are exceeding this. Typical NWS commissioned systems such as NEXRAD,
ASOS, and radiosondeshave adataavailability of 97% or better. Figure47 showsthat theNPN iscomparableindata
availability, but is currently lessthan the target of 97%. Also plotted hereisthe maximum time between failure for
eachNPN site. Itisinterestingtonotethat many siteshaveoperated without afailurefor 1-2 years, and 5 siteswithout
afailurefor over 2.5 years during the total 7-year period of this study.

A significant portion of personnel timeinvolvestheday-to-day operationsand monitoring tasksrel atedtothehardware,
communications, and meteorol ogical data quality aspectsof the NPN. Constantly attending these tasks hasresulted
in high data availability rates for the past few years. Other tasks include initial diagnosis of equipment failures,
coordination of all field repairsand maintenance activities, and maintenance of logsof all significant faultsthat cause
an outage of profiler data. Figure 48 shows the total number of hours of profiler data lost by fault type (such as
component failures, scheduled downtime for maintenance, and power and air conditioner failures) for the past seven
fiscal years. The duration of each data outage is broken down into many different states, including how long it took
toidentify afailure, diagnoseand eval uatethe problem, wait for repair partsto besent and received, restorecommercial
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power or communications, and document when and how the fault was ultimately repaired. Figure 49 shows the
distribution of these categories of downtime (normalized over the past 6 years). Analysisof all these statesreveals
important information regarding the operation of the network. In addition to the datamonitoring tasks, there are the
financial aspectsrelated to the continued operation of the NPN, including tracking land leases, communications, and
local commercia power and phone billsfor all the profiler sites.

Personnel intheProfiler Control Center (PCC) routinely monitor theNPN, currently noncommissioned by the NWS,
only during normal working hours, 7:30 AM—4:30 PM local time (27% of thetotal hoursin aweek). Theremainder
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of thetime, the profilers, dedi cated communication lines, and Profiler Hub computer system operate unattended. The
divisionhasmadesignificantimprovementsinitsability toremotely monitor activity withintheNPN, Hub processing,
and datacommunicationsviadisplaysavailableontheWeb and other tools. Activitiesthat arenow routinely monitored
on the Web include information on profiler real-time status, data flow to the NWS Telecommunications Gateway
(NWSTG), and ingest of profiler datainto the Rapid Update Cycle (RUC) model at the NWS National Centers for
Environmental Prediction (NCEP). Usingthesetool storemotely diagnoseproblemsasthey ariseoutsidenormal work
hours has increased the availability of NPN data.

Examination of several yearsof datashowed that asignificant number of lost hoursof datawereattributed to thelocal

main power breaker (200 amps) being tripped to the off position, usually caused by lightning related power surges.

Simply resetting the breaker would restore operation, but still required asitevisit, typically by an NWStechnician of

thelocal landowner. Fromthisanalysis, the Engineering and Field Support Branch designed and installed adeviceto
remotely resetthemainbreaker viaaphonecall tothesite. TheNetwork OperationsBranchroutinely usesthismethod
to restore profiler operations, as well as "power cycling" a site in an attempt to clear software "hangs' and other
problems. Last year the breaker reset capability was attempted 226 times outside of normal work hours to restore
operations. It wassuccessful 180times(80%), resultinginan additional 4,700+ hoursof profiler and GPS-IPWV data
availability to our customers. Theseresetsperformed outside normal work hoursaloneincreased dataavailability by
1.5%. Thisisquiteimpressive when our data availability is already routinely >90%.

The Network Operations Branch provided support for all aspects of planning, installation, activation, and evaluation
of tworelocated NPN profilers. Theoriginal 404-MHz profiler located near Platteville, Colorado, wasdisassembl ed,
transported, and reassembl ed at asite near Ledbetter, Texas, in cooperation with the NWS Southern Region and the
Lower Colorado River Authority in Texas. The449-MHzprofiler originally located at theVV andenberg Air ForceBase
in Californiawas disassembled, transported, and reassembled at the Platteville site to replace the original 404-MHz
profiler. Compared with the 404-MHz system, the 449-MHz system is much more versatile. Itisahybrid system
that usestransmitter and antenna hardware similar to that originally installed in the NPN, but with different receiver,
data processing, and beam steering capabilities.

Eleven NPN sites have RASS capabilities, typically providing measurements up to 2.5-4 km above the ground. In
general, the velocity of the lower tropospheric wind limits the maximum height coverage of RASS by advecting the
acoustic signal outside the radar beam. Each RASS-equipped site has four acoustic sources that are located inside
the antennafield fence near the corners of the wind profiler antenna. Ongoing experiments are being conducted at
Platteville, Colorado, and Purcell, Oklahoma, to investigate theimpact of acoustic sources placed 35—-140 m upwind
of the profiler sites. Typical improvements of 5001000 min the RASS height coverage are observed when the 70—
140 m upwind acoustic sources are activated, and the low altitude winds are from that direction.

Low-power profilersthat measure winds and temperaturein the boundary layer to the lower troposphere (60 mto ~3
km above ground) have begun operating in greater numbers around the Northern Hemispherein recent years. They
primarily support air quality measurements and meteorological forecasting and research programs, and typically
operateindependently or in small groups. Approximately 80 CAP sitesare currently operating and providing datato
theProfiler Control CenterinBoulder. Thedivisionisworkingincooperationwith other agenciestoacquire CAPwind
and temperature data that are processed into hourly and subhourly quality-controlled products, and are ultimately
distributed alongwith productsfromtheNPN. CAPdataareprimarily usedfor air quality monitoring andforecasting,
but have applications to homeland security, and numerical weather prediction and subjective weather forecasting in
support of NOAA’smission.
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To gain a better understanding of how and when NPN data are used by the NWS field offices, this branch started
monitoringtheir AreaForecast Discussions(AFDs). Eachday NWSofficestypically writetwo AFDs, which describe
the current forecasting issues, both in the short-term and longer-term forecast period. These AFDs are generally
technical indetail and moreof a"thought process' to shareamong theforecasters, bothwithin aforecast of ficebetween
shiftsand in adjacent NWSforecast offices. All AFDsare searched for theterm "profiler." During a45-day period
(1 December 2002—14 January 2003), 51 NWS offices (out of a possible 114) mentioned the use of profiler datain
at least one of their AFDs. Figure 50 displays the geographical location of these offices. Note that the spatial
distributionisvery similar to that of all the profiler sitesshown in Figure 44. The NWS officeslocated in the central
U.S. are of course primarily using NPN data, while those offices near the East and West Coasts are all using CAP
data. Of the51 officesindicating theuseof profiler data, atotal of 220 AFDs(~5 per day) mentioned the useof profiler
datain their decisionmaking process.

Projections
TheBird Contamination Check algorithmwill beexaminedfor possibleadditional improvements. Theoriginal algorithm

analyzed only thehourly averaged north and east beamsto detect the broader spectral widthscaused by migrating birds.
Recently the spectral width from the vertical beam was incorporated into the algorithm. The next significant im-

Figure 50. Location of National Weather Service offices (in red) identifying the use of profiler data in their
Area Forecast Discussions (AFDs) during a 45-day period, from 1 December 2002-14 January 2003.
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provement islikely toinvolve more sophisticated processing of the 6-minute moment data. Sincethecurrent Profiler
Hub cannot incorporate any more processing, additional QC development work islimited at thistime.

Thedivisionwill continueto operate and maintain the 11 RA SS-equipped profiler sites. Experimentswill continueat
Platteville and Purcell to investigate the optimum acoustic source locations (distance upwind) and acoustic output
power. Improvements are expected in the quality control of RASS data, primarily during periods of internal
interference, and in the presentation (i.e., contouring specific temperatures) of RASS data on the Profiler Webpage.

The operations of the CAP Hub will continue and will be used to acquire additional tropospheric profiler datafrom
targets of opportunity, provide quality control for these data, and distribute that data to users viathe Web and the
NWSTG. Additional automated monitoring procedureswill beinvestigated to handletheincreasing number of CAP
sites available and monitored by the PCC.

Thecapabilitiesof thenew 449-MHz profiler at Plattevillewill beinvestigated. Thiswill includedataquality and height
coverage of two different data processing methods (standard consensus versus a multiple peak tracking algorithm),
three beams compared to five beamsin terms of data quality and cost/complexity issues, higher temporal resolution
data, and reduced height of thefirst sample height. These are all issuesrelated to the design and implementation of
anational profiler network.

Thecapability toremotely reset themain breaker viaaphonecall tothesitehasproven so successful that theprocedure
will beautomated. Dataavailability ismanually checked each evening duringweekdays, and (typically) morningsand
eveningsonweekends. Sitesthat are"hung" dueto softwarefailure or missing datafor other reasonsarereset at that
time. The average time between a site shutting down and being reset is currently 5.6 hours. Plans are underway to
automatically initiate a breaker reset after two hours of missing data.

Continued collaboration within the division to support the operation and maintenance of the NPN will help maintain
consistently highdataavail ability statistics. Thisultimately supportsNOAA’ smission of improvingweather products
and services, resulting in reduced loss of life and property damage from weather related events.
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Engineering and Field Support Branch
Michael K. Shanahan, Chief

Objectives

The primary focus of the Engineering and Field Support Branch is to carry out the operation, maintenance, and
improvement of the NOAA Profiler Network (NPN). Through collaboration with the FSL Profiler Control Center
(PCC), the 35-site NPN network is monitored to assure data quality and reliability. Constant network upgrades,
identification of network problems (using remote diagnostics analysis), and prompt corrective actions result in
increased dataavailability.

Most of the preventive and remedial maintenanceis performed by el ectronicstechniciansfrom the National Weather
Service (NWS) in accordance with network maintenance agreements. The PCC uses the remote diagnostics
capabilities to recognize failed components, order line replaceable units, and coordinate with the NWS electronics
techniciansregardingfieldrepairs. M orecomplex problemsarehandl ed by ateam of specialized engineer/technicians,
called rangers, who are experienced inthe design and operation of the profiler systems. Based in Boulder, therangers
can be mobilized to the field on short notice to repair the profilers.

Accomplishments

In collaboration with the the Lower Colorado River Authority (LCRA) and NWS, this branch installed a 404-MHz
profiler —completewith the Radio A coustic Sounding System (RASS), GPS Surface Observing System (GSOS), and
GPSinstruments—at L edbetter, Texas(Figure51). Thisprofiler, located at the Natural Science L aboratory (75 miles
east of Austin at Cooper Farm), will support the NWS Southern Region and the growing Texas Mesonet.

Figure 51. The 404-MHz profiler at the Lower Colorado River Authority's Natural Science Laboratory in
Ledbetter, Texas. (Photo courtesy of Brian Phillips, SRG, Inc.)
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The 449-MHz profiler at VVandenberg Air Force Base was rel ocated to Platteville, Colorado, and will be used as an
operational testbed for the conversion of the 404-MHz systemsto 449-MHz. The Platteville profiler (Figure 52) is
ahybrid system consisting of Vaisalaand Lockheed Martin components.

The grounding systems at 30 profiler sites were tested and upgraded to meet current electrical specifications. To
ensurethat each siteismorereliableduring severeweather events, lightning and current surge protection deviceswere
installed to protect the el ectronics and communi cations equi pment.

Eleven data processors were acquired and installed at profiler sites to replace obsolete ones that can no longer be
purchased or repaired.

Projections

An al-digital surface meteorological sensor package, the Profiler Surface Observing System (PSOS-11), will be
installed to replace the GSOS and PSOS units operating at some profiler sites. A 10-meter mast with an anemometer
and rain gaugewill be added to sites currently without surface wind measuring capability. Thiswill bring equipment
availability at the 35 profiler sitesinto uniformity and provide additional meteorological data.

New signal processing techniqueswill betested at the Platteville profiler to determine the best method for acquiring
quality data. The new techniques will help aleviate the problems associated with ground and sea clutter and bird
contamination.

The Engineering and Field Support Branch will provide operations and maintenance support to the 10 quarter-scale
profilers to be installed for the Air Force Tethered Aerostat Radar System (TARS).

. —_—

Figure 52. The 449-MHz profiler at Platteville, Colorado, planned as a testbed site for a national 449-MHz
profiler network. (Photo courtesy of Brian Koonsvitsky, SRG Inc.)
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Software Development and Web Services Branch
Alan E. Pihlak, Chief

Objectives

The responsibilities of the Software Development and Web Services Branch are to provide software support for
existing systems, develop new software and database systems as needed, provide Web support for the division’s
extensive Web activities, and design software to support anational deployment of profilers. To helpimprove short-
term warning and forecast services, up-to-the-minute profiler data are provided on the NOAA Profiler Network
(NPN) Website, http://profiler.noaa.gov —thefirst placeto go for wind profiler data. The Profiler Website provides
historical archives of wind, temperature, and other profiler information beneficial to researchersfor forecasting and
modeling both long-term and short-term climate change. A constant goal istoimprovethetimelinessof profiler data
delivery and distribution through work on existing software systems and development of new software.

Branch resources are used in the operation of the Cooperative Agency Profiler (CAP) network, anon-NPN network
of profiler sites. FSL, in cooperation with other agencies, ingestsprofiler datain near real timefrom different sources
ranging from the Environmental Protection Agency to the Japanese Meteorological Agency. Unliketheradarsused
in the NPN, the CAP sites are operated in many different ways, are owned by about 30 different agencies, and are
optimized for different applications. FSL acquiresthese data, appliesitsown quality control algorithmsto the data,
and makes the value-added data available on the Web and to the National Weather Service (NWS). The datafrom
theseprofilers, distributed primarily viathe Profiler Website, contributesignificantly to NWSforecastsinareaswhere
the NPN does not operate tropospheric profilers.

Accomplishments

In 2002, this branch began delivery of single-station, single-time-period messages to the National Weather Service
TelecommunicationsGateway (NWSTG). Themessageformat isasimplified subset of the COST-76 standardBUFR
format for profiler data. These changes are steps toward future use of alternate communications solutions. FSL's
Modernization Division received a grant for modifying the AWIPS workstation to accept and process dataiin these
new formats, which allow datato be processed closer to their time of arrival. These datanow arrive at the NWSTG
an average of 6 minutes faster every hour. Before changing the formats, data would occasionally arrive too late to
be used in the NCEP (National Centers for Environmental Prediction) numerical weather models. Also, GPS
precipitable water vapor measurements are now delivered to the NWSTG twice each hour.

Thenumber of profilersinthe CA P project morethan doubl ed duringthelast twoyears, fromapproximately 50in 2001
to over 100 currently. Division resources were shifted to accommodate this explosive growth. Datafrom CAP are
routinely used by NWS forecasters from Californiato Virginia.

Work on other subsystems required to eliminate the aging NPN Hub is estimated to be 50% complete. Progresson
this goal was affected by the growth of the CAP network.

TheWind Profiler Processing Platform (WPPP) isprogressing, with decisionsmaderegarding the standard hardware
and software configuration.

Low-level, reusabl e software components based on a station-instrument model have been completed. 1nthismodel,
station objects own instrument obj ects capabl e of producing different types of meteorological datain various com-
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posites. Now every station, whether CAP or NPN, can betreated in asimilar fashion without writing new software
every time a new station is added, removed, or relocated. These components can reside on any Java-enabled pro-
cessor on the system, as long as it is connected to the Internet, regardless of operating system. Many of these
components are currently in use in the production environment.

New, reusabl e graphi cs softwarefor displaying winds, temperatures, and momentsfrom the Web and | ocal or remote
datasets was completed and is being used on the Demonstration Division Website.

Projections

Aswe enter the third generation of wirelesstechnology, organizations have been sponsored by the National Science
Foundation to create, demonstrate, and evaluate a noncommercial prototype high-performance wide-area wireless
network for research and education. Wirelesstechnology isin daily use by millions of consumers, and an evolution
in observing systems communications must progressin the samedirection. Itisexpected that at |east four NPN sites
will beconvertedto usesatellitelnternet in placeof direct phonelineconnectionsin 2003. Staff will exploretheresults
of last year’s COMET project grant for JINI/TINI technology using packet radio communications, as well as other
technol ogies such ascellular and point-to-multipoint | P.

In 2003, completion of the Phase 1 transition will include retirement of the obsolete NPN Hub and supporting 1980s
era peripherals, and completion of a general-purpose serial data client-server component, the basis for severa
subsystems such as a new Web-based PMT control system.

Improvements and updates will be made to the Demonstration Division Website.

Final work will becompl eted rel ated to the National Climatic DataCenter's(NCDC) profiler dataarchive. Thesedata,
coveringthelast 11 years, have been reprocessed into amodern storage format and will be sent back to NCDC within
the year.

Archived NPN and CAP data will be placed online (http://profiler.noaa.gov) and available for downloading or
viewing. At least oneyear of datawill be available online, and requestsfor older historical datawill be processed as
received.
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GPS-Met Observing Systems Branch
Seth |. Gutman, Chief

Objectives

The GPS-Met Observing Systems Branch was formed in response to the need for improved moisture observations
tosupport weather forecasting, climatemonitoring, andresearchwithinNOAA. Theactivitiesof thebranch primarily
support NOAA’ senvironmental assessment and prediction mission. It createsand disseminatesreliabl e assessments
of weather, climate, the space environment and geodeti c phenomenausi ng anew upper-air observing systemtechnique
insupport of advance short-termwarning and forecast services. Thedataand techniquesdevel oped and implemented
by thebranch al so support seasonal tointerannual climateforecastsaswell asthe predi ction and assessment of decadal
to centennial climate change. Due to alargely unanticipated synergy between the requirements for atmospheric
remotesensing andthemoretraditional applicationsof the Global Positioning System (i.e., positioning, navigation, and
time transfer), the branch’s activities al so promote safe navigation by providing GPS and other observations to the
National Geodetic Survey (NGS) Continuously Operating Reference Station (CORS) network, theU.S. Coast Guard
(USCG), U.S. Department of Transportation (DOT), and other GPS users in the public and private sectors.

The primary objectives of the GPS-Met Observing Systems Branch are to define and demonstrate the major aspects
of an operational ground-based Global Positioning System (GPS) integrated precipitable water vapor (IPWV)
monitoring system, facilitate assessments of theimpact of GPS meteorological dataonweather forecasts, assistinthe
transition of GPS-Met data acquisition and data processing techniquesto operational use, and encourage the use of
GPS in atmospheric research and other applications. The work utilizes the resources and infrastructure established
to operate and maintain the NOAA Profiler Network (NPN) in achieving these objectives at low cost and risk. The
branch collaborates with other FSL divisions (especially the Forecast Research Division, Aviation Division,
International Division, SystemsDevelopment Division, andthe Director’ sOfficewhichincludesthelnformationand
Technology Services group) to achieve objectives of mutual interest and benefit the laboratory, its customers and
partners.

Thiswork represents an investment in scientific research, the development of new technologies to improve current
operations, and assistance in helping NOAA prepare for the future. The branch has successfully demonstrated all
major elementsof areliable, low-cost continuousupper-air observing system that complementsother operational and
futureground- and space-based observing systems. Newly adapted i nformation network tool sand techniquesacquire
and process GPS and surface meteorological data from NOAA and other public, private, and international
partnerships. Thiscapability has permitted rapid expansion of GPS-Met coverage at extremely low cost. Thebranch
has been heavily involved in developing and implementing environmental expertise and technol ogies to improve
NOAA’sability toserveitscustomersandforgestronger tieswithitspartners, especially theNational Weather Service
(NWS), DOT, and Department of Defense (DOD).

Accomplishments

Thefocus of the GPS-Met project during 2002 was on expanding the demonstration network to facilitate assessment
of these observationson weather forecast accuracy, investigating other usesfor GPS dataand meteorol ogical models
assimilating GPS observations, and making NOA A and other agenciesmoreaware of theseresearch and devel opment
activities. Inthisregard, the branch completed its second technical review (available at http://gpsmet.fsl.noaa.gov/
jsp/review2002.jsp), published four peer-reviewed papers, presented two papers at the annual meeting of the
American Meteorological Society, and presented briefingsto numerous organi zations, including the ASOS Program
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Management Committee, CORS User Conference, the NOAA Space Environment Center, U.S. Air Force Space
Command, and Purdue University. Support, information, and materials were also provided to schools and other
institutions, federal agencies, foreign countries, and private companies.

Impact of GPS Water Vapor Data on Weather Forecast Accuracy

TheGPS-M et Observing SystemsBranch assisted the Regional Analysisand Prediction Branchin performingthefifth
consecutive assessment of the impact of GPS integrated precipitable water vapor (IPW) retrievals on weather
forecast accuracy. Theannual assessmentsareactually datadenial experimentsusing the 60-km Mesoscale Analysis
and Prediction System (MAPS), a research version of the operational Rapid Update Cycle numerical weather
prediction model (RUC2) currently running at the National Centersfor Environmental Prediction (NCEP). The 60-
km MAPS model was again run in a 3-hour data assimilation/forecast cycle over the central U.S. (Figure 53). Each
forecast cycle used the same boundary conditions and observations (including rawinsondes, surface, aircraft, wind
profiler, and GOES precipitable water); the only difference was the addition of GPS IPW (integrated precipitable
water) observationsin asecond "parallel” run. The 3-hour relative humidity forecasts (with and without GPS) were
comparedwithtwicedaily rawinsondeobservationsat 17 NWSupper-air sitesto assesstheimprovementintherel ative
humidity (RH) forecast accuracy at 5 pressurelevels (850 hPa, 700 hPa, 500 hPa, 400 hPa, and 300 hPa). Theresults
are summarized in Table 1, which compares GPS-Met impact assessments over the past 5 years. Table 2 presents
theresults of Table 1interms of percent improvement in 3-hour relative humidity (RH) forecast skill for the lowest
two levels evaluated, 850 hPaand 700 hPa. From aweather forecast perspective, these are the two most important
levels, since most of the moisturein the atmosphere resides at or bel ow these levels. Figure 54 showsthe reduction
(increase) inforecast error asafunction of the number of GPS stationsused in the datadenial experiments. 18in 1998
and 1999, 55in 2000, 74in 2001, and 100in 2002. Figure55istheimprovementin 3-hour RH forecast skill in 2002
asafunctionof month of theyear. Although RH forecast skill wasagain greatest during thecold months, improvements
during the warm months appear to belarger than previously observed. Thisisprobably related to theincreasing size
of the GPS network as discussed below.

+ NS UPFER AR (RADE) SITES

Figure 53. Verification area for GPS-Met impact assessments using the 60-km MAPS model.
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Tablel.
Comparison of five years of GPSimpact on RH forecastsin the 60-km RUC. Numbersin the columns labeled
"Control 2002" and "with GPS" are (forecast—-RAOB in % RH) without and with GPS |PW, respectively.

Leve 1998-1999 2000 2001 2002 Control 2002 WithGPS

850 15 .38 .39 .50 14.26 13.76

700 q1 41 .63 .65 16.43 15.78

500 07 21 .20 .24 18.07 17.83

400 03 .01 -.04 -.05 18.54 18.59

300 01 .01 =12 -.25 17.84 18.09
Table 2.

Results for 850 hPa and 700 hPa, binned by whether they were better, worse, or the same with GPS.

850 mb 1998 1999 2000 2001 2002 (Number of Casesin2002)
Better 25% 28% 37% 38% 45% (266)
Worse 21% 19% 23% 24% 26% (152)
Same 54% 53% 40% 38% 29% (174)

(74% same/better)
700 mb 1998 1999 2000 2001 2002 (Number of Casesin2002)
Better 23% 27% 39% 49% 52% (310)
Worse 21% 21% 21% 18% 20% (119)
Same 56% 52% 40% 33% 28% (163)

(80% same/better)

The magnitude of theimprovement shownin Table Lisrelatively small in absoluteterms, (0.5% at 850 hPain 2002),
primarily because the evaluation includes dayswhen the addition of GPS haslittle or noimpact ontheforecast, or the
addition of GPSmakestheforecast slightly worse. Infact, theformer constitutesthemajority of thecases. Thisoccurs
whenthemoisturefieldisnot changing rapidly andiswell described by themodel using thecurrent suiteof operational
observing systems. However, amajor goal of modern weather predictionisto improve forecasts of severe weather,
and thisis precisely when GPS appears to be making its greatest contribution. With thisin mind, we present the

following points.

» The NWP model is assimilating an integrated quantity (IPW), comparing the difference between the model-
predicted val ues and observed moisture in the vertical column, and distributing the difference to the model asa
percent correction. Obviously thisisasimplistic approach to distributing the errors, sinceit has absolutely no
physical basis. Nonethel ess, we see more or less continuousimprovement bel ow 500 hPa, and theimprovement
diminisheswith altitude becoming (on average) slightly negative above 500 hPa. From a pragmatic standpoint,
it is better to have an improvement in moisture forecast accuracy where the moistureis, rather then whereitis

not (i.e., above 500 hPa).

* A major problemin estimating aninitial statefor anumerical forecast comesfrom spatial and temporal aliasing
wheninterpolating discrete observationsinto an "analysisincrement” field. Thisisespecially truefor avertically
integrated quantity, because the forecast background error at discrete vertical levels must be estimated from the
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difference between observed and forecast integrated quantities.
» Theassessment i sbeing carried out inoneof thebest observedregionson Earth. Cons deringthenumber
of observationsgoingintomodernmesoscal emodel ssuchastheRUC?2, itissurprising that weseeany positive
impact at all fromtheassmilation of GPS-IPW. For exampl e, thenumber GOESPW estimatesunder cloud
freeconditionsisnearly anorder of magnitudegreater thanthenumber of GPSsites.
* Other areasinthewestern United States, the Caribbean, Mexico, and Canadaarenot aswell observed,
however. Asaconsequence, thepotential contributionof GPS-M et toimprovedforecastsdownstream of
theseregionsisprobably muchgreater thanitisfromthecentral United States.
* After Syears, itisclear that theimpact on 3-hour forecastssteadily growsasthenetwork expands, andit
seemsthat thereisnoreasontodoubt that thistrendwill continue. Thisisnot somuchanexpressionof having
alargenumber of sitesper se, but of having asufficient number of observationswhenandwherethey are
neededto better definetheinitial conditionsfor themodel.

RH Fest - RAOB (%)

GPS Impact on RH Fercasts

850 hPa
700 hPa
500 hPa
400 hPa
300 hPa

50 60
Number of Stations

Figure 55. Improvement in 3-hour RH forecast
skill in 2002 as a function of month of the year.
Percent improvement in RH is defined as 1-* 100
(3-hour forecast error with GPS and 3-hour
forecast error without GPS).

GPS

Better w/

Worse w/ GPS

% Improvement in RH Forecasts

Figure 54. 3-hour RH forecast improvement as a
function of the number of GPS stations used in the
data denial experiments: 18 in 1988 and 1999, 55
in 2000, 74 in 2001, and 100 in 2002.
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* Therelationship between animprovement in RH forecast skill and animprovement in precipitation forecast
skill is not straight forward since a large number of other factors besides the amount of moisture in the
atmosphere areinvolved in determining if, when, where, and how much precipitation will occur.

Expansion of the GPS-Met Network

GPS Surface Observing System (GSOS) packages were installed at 5 Nationwide Differential GPS sites and at 25
U.S. Coast Guard and U.S. Army Corps of Engineers Maritime Differential GPS sites. This brings the number of
"backbone" sitesin the network to 110, with agoal of 200 sites nationwide by 2005.

The GPS-Met team collaborated with NGS in a Center for Operational Oceanographic Products and Services (CO-
OPS) program to use GPS to monitor the levels of the Great Lakes and itstributaries. Other participantsinclude the
Ohio State University, NOS Office of Ocean and Coastal Resource Management, NOS Office of the Coast Survey,
OAR Great LakesEnvironmental Research L aboratory, Canadian Hydrographic Service, and the National Resources
Canada Geodetic Survey Division. Ultimately eight new sites were added to the network.

Tofacilitate the expansion of the GPS-Met network, the branch worked on techniquesto ingest datafrom agrowing
number of GPS continuously operating reference stations (CORS) in the United States. These CORS sites are
established by stateandlocal government agenciestoimprovelocal high accuracy positioning and navigation services
(including surveying, 911 response, andintel ligent transportati on system appli cations), and by universitiesfor teaching
and research. Most state and local government CORS do not have collocated surface meteorological sensors that
permitthe GPSdatato beused directly for GPSmeteorology. However, sincetheseagencieshavegraciously provided
NOAA with accessto their observations at no cost, it isworthwhile to seeif they could still be used for operational
weather forecasting. The branch investigated how water vapor retrieval accuracy degraded as the distance between
the GPS antenna and the pressure and temperature sensors increased. Results showed that if an automated surface
observing system such as A SOSwaswithin areasonably short distance (Iessthan 50 km horizontally and 100 meters
vertically), then the water vapor retrieval error could be kept to lessthan 1 mm IPW through a process called "bias
fixing." Thiswas done using products generated by the Mesoscale Analysis and Prediction System/Rapid Update
Cycle (RUC) Surface Assimilation Systems (MSAS/RSAS), at http://www-sdd.fsl.noaa.gov/iM SASmsas.htm,
developed by the FSL Systems Development Division. While this technique is not deemed suitable for climate
monitoring applications, the level of accuracy is more than sufficient for current mesoscale weather forecasting
applications. AsseeninFigure56, theimplementation of thistechniquein 2002 morethan doubled thenumber of GPS-
Met stationsavailableintheconterminousUnited Statesat virtually nodirect cost tothegovernment. Figure57 shows
the configuration of the GPS-Met network, including "backbone sites' operated by United States federal agencies
(identified by triangles) and "infill sites" operated by other government agencies, universities, and the private sector
(identified by circles).

Using Meteorological Maodels to Improve GPS Pasitioning Accuracy

During average (quiet) geomagnetic and tropospheric conditions, the gradients in total electron content in the
ionosphere over the continental United States, and temperature, pressure, and moisture in the lower atmosphere are
usually small. Under these circumstances, existing methods to correct for excess signal delays caused by the
ionosphere and troposphere over short to moderately long baselineswork reasonably well for many but not all (e.g.,
rapid static and real -time kinematic, or RTK) positioning and navigation requirements. During significant space and
tropospheric weather events, however, the constituents of both the ionosphere and troposphere can vary greatly in
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Figure 56. Growth of the GPS-Met network and major milestones.
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Figure 57. GPS-Met Network at the end of 2002. Triangles identify "backbone sites" owned and operated
primarily by U.S. federal agencies. These provide the highest quality GPS IPW retrievals and are maintained
as operational systems. Circles identify "infill sites" used for network densification. The quality of retrievals
from infill sites vary from site-to site, but all are suitable for use in weather forecasting. Snce infill sites are
not operated or maintained as operational systems, they have (in general) lower reliability than backbone
sites.
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time and space, |eading to rapid changesand large errorsin GPS accuracy. During geomagnetic storms, for example,
gradients in the electron plasma density of the ionosphere increase considerably, and transients are expected to
propagate from high latitudes. At these disturbed timesthe steep gradients associated with the equatorial ionization
anomaly beginto penetrateinto midlatituderegions. Insimilar fashion, strong gradientsin pressure, temperature, and
moisture commonly associated with severe weather in the lower atmosphere also affect GPS accuracy. While the
magnitudeof theimpact of thelower atmosphereon positioning accuracy islessthantheionosphere, theneed for higher
accuracy dynamic positioning and navigation requires significant improvementsin both areas.

GPS observations can be used to improve weather forecast accuracy, especially during active weather. The
observationsimprovetheNWPmodel’ sinitial description of themoisturefield, which, under most circumstances, leads
to improved short-term forecasts of atmospheric moisture and precipitation. The parameter being assimilated,
integrated preci pitablewater vapor, isretrieved from the GPStroposphericsignal delay. Thetroposphericsignal delay
is estimated as afree parameter in the solution of the double-difference equation that is used to measure changesin
theposition of the GPSantennaover time. The NWPmodel assimilatesGPS I PW and other thermodynamic quantities
(or proxiesthereof) and providesathree-dimensional analysisof themassand momentumfields. Fromthis, aprediction
of the future state of the atmosphere comes from a finite difference or spectral representation to the equations
describing geophysical fluid dynamicflow onanunevenly heated rotating sphere. Thisisaninitial valueproblem (and
also alateral boundary problem for anon-global, limited-area model of aclosed set of non-linear partial differential
equations) that describes the physical laws governing change of atmospheric parameters including temperature,
moisture, wind, and pressure. These parameters can be inverted to provide an estimate of the tropospheric signal
delaysover themodel domain. Insimilar fashion, improved space weather model swill soon be ableto do thisfor the
ionosphere using an analogous procedure applied to different physical parameters. These delays can be used to
constrain two of the five elements of the GPS error budget: namely the ionospheric and tropospheric signal delay to
each satellitein view, thusimproving the GPS estimate of position.

The U.S. DOT Federa Highway Administration (FHWA) received funding in 2002 from the Interagency GPS
Executive Board (http://www.igeb.gov/org/execsec.shtml) to determine the feasibility of developing more robust
atmospheric (ionospheric and tropospheric) correctionsusing space and tropospheric weather models. Inthisproject,
FSL is collaborating with the NOAA Space Environment Center (SEC) and the NOAA National Geodetic Survey
(NGS) to investigate how the improved ionosphere and troposphere models could be used to improve GPS data
processing, especially the integer-fixing problem for mobile GPS observations and rapi d-static GPS surveying.

FSL has already demonstrated that it is possible to use the 20-km RUC model assimilating GPS IPW data to
characterize and make short-term predictions (nowcasts) of the signal delays caused by the lower atmosphere with
an accuracy about 5 times better then the best available techniques currently used in the FAA Wide Area
Augmentation System. Techniquesto characterize and predict thetotal electron content of theionosphere are under
evaluation, with agoal of improving these delays by afactor of about 3.

Atmospheric Infrared Sounder (AIRS) Calibration and Validation

NASA selected the FSL GPS-Met group to collaborate as co-principal investigator with the NOAA NESDIS Office
of Research and A pplicationson aproject to evaluatethe AIRS (Atmospheric I nfrared Sounder) radiometer and other
moisture sensing systems aboard the Aquaspacecraft using ground-based GPSwater vapor observations. GPS-1PW
isnow recognizedinternationally asabaselevel, climate-quality observation, in part because of thecollaborativework
conducted by FSL between 1994 and 2002.
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The Aqua/AIRS mission provides observations that contain information about the state of the Earth’s surface and
atmosphere. Theseobservationsshould besufficientinquality, quantity, andtimelinessof delivery toadvancethestate
of the art of numerical weather prediction and the characterization and understanding of atmospheric and climate
processes. To help meet these broad objectives, the Aqual/AIRS project will provide more accurate and higher
resol ution measurementsof atmosphericwater vapor profilesthanhasbeen avail ablefromsatellitesensorsprevioudly.
Thisinvestigation is intended to provide accurate measurements that are closely matched in time and space of the
column integrated precipitable water vapor (IPWV) product from AIRS. In addition, it isbeing used to identify the
best radiosonde data to use as the basis for AIRS water vapor profile retrievals. The AIRS validation process has
been designed to establish in sequence the reliability of Level 0 data— EDRSs (eddy dissipation rates); Level 1 data
—radiances; Level 2 data — temperature retrievals; and Level 2 data — trace gases, such as H20, CO, and CO2.

Thevalidationof AIRSradiancesisanecessary prerequisitetothevalidation of derived products(Level 2), sincehigh
quality, well-characterized radiance measurements are needed as input to the Level 2 retrieval algorithms. Nine
monthsafter thelaunch of Aquain May 2002, the high radiometric quality of AIRS observationshas been established
by other members of the validation team, and derived temperature profiles have been assigned a high degree of
confidence. The AIRS science and validation teams have begun producing initial AIRS water vapor profiles and
IPWYV data. Preliminary comparisonsof thosedatawiththe NOAA GPSIPWYV arenow underway. Definitive GPS-
to-AIRSIPWYV comparisonsawait theoptimization of AIRSwater vapor retrieval agorithms. Careful hasbeentaken
for data exchange and rapid analysis once the water vapor product stream is ready for full-scale validation.

IPW measurements at 30-minute temporal resolution from the GPS-Met network continue to be archived on an
operational basis, and areavailable asimagesor dataviathe Web. Moreover, sample GPSIPWV datasets have been
transmitted to NASA/JPL and to individual AIRS validation team members upon request in designated formats,
typically netCDF or ASCII. Finally, thefixed locations of the GPS receivers (latitude, longitude, and altitude) have
been provided to the AIRS science and validation team so that rel evant members can select portions of their datasets
(both AIRS and alternate validation measurements) that match the GPS data in time and space.

Outreach

An outreach effort was funded to inform federal, state, and local government agencies about the NOAA Profiler
Network, GPS Meteorol ogy, and the advantages of joint use and sharing of GPS and surface meteorological datain
near real time. TheAviation Divisionassistedin providing booth displaysand presentati onsat major meetings, including
the American Meteorological Society, World Space Congress, and the I ntelligent Transporation Society of America.

Projections

During 2003, GSOS packages will be installed at approximately 20 new backbone sites: 6 new NDGPS sites; 10
Maritime DGPS sites in the conterminous U.S., Puerto Rico, and Hawaii; and about 6 other backbone sites to be
selected in collaboration with other NOAA organizations. Tools to incorporate and display GPS-Met data on
operational AWIPS workstations will be prototyped and evaluated. The GPS-Met network will continue to expand
through theincorporation of infill sites operated by State Departments of Transportation, universitiesvia SuomiNet,
and other organizations. Assessment of GPS-Met on weather forecast accuracy will befacilitated. The branch will
work with other organi zationsto assesstheutility of meteorol ogical model sassimilating GPSobservationstoimprove
real-time GPSpositioning accuracy. Itwill alsobecomemoreinvolvedinmultiagency effortsto utilizeground-based
GPS observationsfor satellite calibration and validation.
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Facilities and Systems Administration Branch
Babby R. Kelley, Chief

Objectives

The objectives of the Facilities and Systems Administration Branch are to manage and support the Demonstration
Division communications and computer requirements. Duties include performing systems operations, systems
mai ntenance, systems administration, network administration, NOAA Profiler Network (NPN) telecommunications
administration, and support of the Global Positioning System Integrated Precipitable Water Vapor (GPS-1IPWV)
demonstration project.

Accomplishments

WhileNPN processingisintheprocessof being convertedto anetwork of off-the-shelf PCsrunning Linux, theoriginal
two clusters of 13 micro-VAXsare still operating as primary and backup data processing and distribution systems.
Components of the new modernized NPN processing system are currently running in parallel withthe original NPN
processing and distribution system. Work isongoing to replace the NPN VAXsand NPN Hub software with robust
production, backup, and devel opment environments, using low-cost of f-the-shel f equipment. Backup communications
for NPN data acquisition are being converted to a newer PC running Linux to acquire data as necessary from a
DOMSAT receiver. A PC-based server running the Linux operating system has replaced Sun Microsystems
equipment for dataprocessing and Webpage hosting. Two remaining Sun systemsthat arestill in modest usewill be
decommissioned by April 2003. Support for the GPS-1IPWV demonstration project has grown from 18 PCsrunning
Linux to atotal of 34.

Day-to-day work includes new component installations and system configuration on the division network, network
problemisol ation and mai ntenance, system configuration modificationsto meet divisionrequirements, system problem
isolation and maintenance, in-house telecommunications maintenance or coordination of contracted maintenance,
peripheral installation and configuration, computer and network security, preventive maintenance, information
technology purchasing, and routinefile system backups. A primary focus of the Facilities M anagement and Systems
Administration Branch is computer and network security responsibilities: ensuring system and data integrity and
maintaining dependable NPN and GPS-IPWV data acquisition, processing, and distribution. Full-time (24/7)
operationscoverageisprovided during normal workdaysthrough the Profiler Control Center in Boulder and viapager
during nights, weekends and federal holidays.

Datatelecommunicationsresponsibilitiescover 38 NPN datacircuitswithinthelower 48 statesand in Alaska. When
Unisys elected to discontinue providing telecommunications services in 2002, it became necessary to obtain an
alternate provider. AT&T provided telecommunications services directly on an interim basis at approximately the
same cost as the original services through Unisys. With the establishment of a Memorandum of Understanding
(pursuant to the Economy Act) between FSL and the Department of the Interior’s Minerals Management Service
(DOI/MMS), an interagency fund transfer was accomplished to obtain telecommunications services at reasonable
cost and without requiring replacement of $130,000 of existing NOAA equipment. The DOI/MMS contract can
provide servicesthrough Fiscal Y ear 2005. Meanwhile, investigation is ongoing to determine the viability and cost
effectiveness of alternatives such as wireless technologies and satellite-based communications to provide future
communi cations services, meeting potentially expanding requirementsfor additional circuitsand greater bandwidth
while reducing communications costs.
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A stand-alone computer room air conditioning unit was installed in the NPN computer facility. This has served to
further stabilizethecomputer roomtemperatureand providesredundancy for thebuil ding air conditioning systemwhich
was originally theonly sourceof cooling. Theinstallationwas successfully accomplished without interrupting NPN
operations. Theinvestment servesto further improve NPN processing reliability.

Projections

Thebranch will maintain current operationsand ensure continuous and dependable NPN acquisition, processing, and
distributionof NPN and GPS-IPWV data(Figure58) toall customers. Further devel opment, testing, andimplementation
of the modernized NPN processing system will continue. To expand earlier successes, alow-cost approach of using
off-the-shelf PCs running the Linux operating system will continue. Computer network equipment in the NPN
computer facility will bereplaced to maintain pacewith building network upgrades, enabl e easi er maintenance of the
NPN network, and support expansion of the NPN network. Investigation of alternative communications optionswill
be undertaken to provideincreased bandwidth for NPN dataacquisition and remote system control, and reducefuture
communi cationscosts.

NOAA/FSL Ground-Based GPS
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Systems Development Division
U. Herbert Grote, Chief
(Supervisory ElectronicsEngineer)
303-497-6110

Web Homepage: http://mwww-sdd.fsl.noaa.gov

Michael F. Barth, Computer Specialist/Technical Advisory, 303-497-6589
C. Deanne Bengston, Secretary (OA), 303-497-6258
Michael R. Biere, Systems Analyst, 303-497-3783
DarienL. Davis, Computer Specialist/Technical Advisory, 303-497-6347
James W. Fluke, Program Analyst, 303-497-3050
ChrisGolden, Computer Specialist, (nolocal phone) 413-586-6137
Richard T. Jesuroga, Physical Scientist, Chief, Dissemination Systems Branch, 303-497-6936
Xiangbao Jing, Professional Research Assistant, 303-497-6112
Philip A. McDonald, Research Associate, 303-497-6055
PatriciaA. Miller, Mathematician/L ead, Scientific ApplicationsGroup, 303-497-6365
Gerard J. Murray, Computer Specialist, (no local phone) 207-799-3202
John C. Osborn, Technical Documentation Specialist, 303-497-6511
James E. Ramer, Meteorol ogist, 303-497-6341
Wilfred G. von Dauster, Visual Information Specialist, 303-497-5392
Joseph S. Wakefield, Meteorol ogist/Chief, Advanced Display Systems Branch, 303-497-6053
Susan M. Williams, Computer Specialist, 303-497-5721
J. Randall Wood, Systems Administrator, 303-497-3981

(The aboveroster, current when document is published, includes government, cooperative agreement,
commercia affiliate, and visiting scientist staff.)

Address;

NOAA Forecast Systems Laboratory —Mail Code: FS4
David Skaggs Research Center
325 Broadway
Boulder, CO 80305-3328
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Objectives

The SystemsDevel opment Division performsexpl oratory devel opment of advanced system conceptsand technol ogy
for meteorol ogical display systems, and worksclosely with other divisionsin transferring theseinto operations. Past
explorationshaveincludedinvestigation of new techniquesfor user interfaces, datadisplay, system architectures, and
software design and programming. The most recent exploratory work includes the use of Linux for meteorological
workstation devel opment, interactive 3D data visualization, and graphic tool development for remote collaboration.
SDD develops operational prototype systems using these new techniques and technologies, and performs limited
operational eval uation and testing of these systems. Thisdivision collaborateswith other FSL groupsto extend these
prototype systems and to incorporate capabilities developed in other divisions to meet the operational needs of
forecasters. Customers of these systems are domestic agencies such as the National Weather Service (NWS) and
the U.S. Air Force (USAF), and international organizations such the Taiwan Central Weather Bureau (CWB) and
the Korean Meteorological Administration (KMA).

Another focusisthe development of scientific applicationsfor these meteorol ogical display systems. A key activity
isthedevel opment of advanced analysi sand quality control techniquesfor real-timeobservational data. Theobjective
istoprovidereal-timeaobservations, dependablequality control information, and the necessary tool sto accessand view
thedata. The Quality Control and Monitoring System (QCMS) provides usersand suppliers of hydrometeorol ogical
observations with readily available quality control statistics. Two surface assimilation systems, the MAPS Surface
Analysis System (MSAS) and the Rapid Update Cycle Surface Assimilation System (RSAS), provide direct
measurements of surface conditions and give crucial indicators of potential for severe weather. In addition, the
Meteorological Assimilation Datalngest System (MADIS) providesquality-controlled observationsand dataaccess
software to university and government data assimilation researchers.

FSL'scontinuing support to AWIPSincludesan exploratory devel opment project called FX-Collaborate (FXC) which
providesinteractivefeaturessuchasdrawing and annotationtool s, achatroom, and acapability for sharinglocal datasets
between sites. FX C applicationsincludeweather forecast coordination between offices, classroom training, briefings
from NWS to other government agencies, field experiment support, and research coordination.

The division comprises three branches and one group:

Advanced Systems Development Branch — Designs and develops interactive weather display systems for
operational use and prototype systemsfor operational demonstration.

Scientific Applications Branch — Develops and implements scientific software systems designed to improve
weather forecasting by taking advantage of opportunities offered by recent advances in meteorological
observationsand information systems.

System Evaluation and Support Branch — Provides software testing, configuration management, and support
servicesto thedivision that include staging of major new systemsand assisting project leaderswith their dataand
display needs.

NWS Projects Group — Conducts research and develops technology for the exchange of critical weather
information among the NWS offices and between the NWS and the community.
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Advanced Systems Development Branch
Darien Davis, Chief

Objectives

The Advanced Systems Development Branch designs and develops software that enables weather forecasters to
display andinterpret meteorol ogical data, and efficiently monitor and control thefunctionsof ingest and display systems.
State-of-the-art hardware and software technology is explored while also supporting operational National Weather
Service (NWS) systems.

Accomplishments
FX-Advanced/AWIPS

During 2002, work continued, in cooperation withthe NWS, onthe D2D meteorological display and text components
of the AWIPSWeather Forecast Office (WFO) system. AWIPSBuUilds5.2.1 and 5.2.2 and Operational Build 1 (OB1)
were all addressed, as follows.

Build 5.2.1 wasinstalled at most NWSfield officesin the summer. Key new features developed by FSL include:
« High-resol ution soundingsfrom NWSforecast model sareavail ableto support forecast operations. Dynamicmaps
show thelocation of available soundings.

» A window-capturefeatureallowsusersto saveimagesof AWIPSdisplaysfor usein publicationsor on\Webpages.
» Some higher-resolution radar imagery isnow available.

The general field deployment of Build 5.2.2 was underway at the end of 2002, with the following new features:
« Pilot report plots are available, categorized by hazard (e.g., icing) and level (e.g., 18,000-26,000 ft).
» GOES soundings, similar to model soundingsin Build 5.2.1, are processed and made availablefor display.
» Dynamic analysis and contouring of observations makesit easier to visualize mesonet or other point data.
* Location, size, and resolution of the M SAS domain are under site control; sitesinclude Alaskaand Puerto Rico.
* Units conversion and sunrise/sunset tools are available.
» Ensemble grid forecasts can be viewed on AWIPS.
* A new Variable versus Height mode is available for examining model data.

The bulk of FSL'swork on OB1 was also compl eted, with the following new features:
« Local profilers and rawinsondes can be processed by the LDAD function.
» POES (polar orbiting environmental satellite) soundingsare added to thelist of soundingsavailablefor display.
« MDCRS (automated aircraft reports) are processed, offering availability/plan-view plots and ascent/descent
soundings.
 The radar product generator for NEXRAD data is upgraded and offers several new radar products.
» A new meteogram feature allows viewing of common surface weather parametersin astacked time seriesform.

Range Standarization and Automation (RSA) Program
Aspart of the Air Force Range Standardi zation and Automation (RSA) project, FSL isworking with Lockheed Martin

toprovidean AWIPS-likeweather workstati on supporting spacelaunch operations. Initial work included theaddition
of several local datasetsto the system. Thiswork, based on AWIPS Build 5.1.2, was delivered to Lockheed Martin
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in early 2002 and they performed an acceptance test with the Air Force at the Western Range (Vandenberg AFB) in
June. The system was delivered to the Eastern Range (Cape Canavera) in July. Development work on an AWIPS
Build 5.2.2-based upgrade was nearly complete at the end of the year. Enhancementsinclude the addition of atext
subsystem, additional datasets, and atabular text display that allowsusersto set thresholdson various parameterswith
colored highlightsof observationsexceeding thelimits.

A proof-of-concept version of the RSA 3D lightning display applicationwasdemonstrated at the AM Sannual meeting
and at theRange OperationsControl Center at Cape Canaveral. Thespecificationsand requirementsfor theapplication
were developed at alater meeting with Lockheed Martin, NASA, and FSL. The prototype includes a modified and
enhanced VisbD to display LDAR (Lightning Detection and Ranging) and CGLSS (Cloud-to-Ground Lightning
Surveillance System) data, and devel opment of aTcl/Tk graphical user interface to control the application.

Other Projects

Linux—FSL continuesto devel oplow-cost meteorol ogical workstation capabilities. A Unix PCworkstationdevel oped
over adecade ago is still being used by the Taiwan Central Weather Bureau (CWB) to support their daily forecast
operations. NWSfully embracesthe use of Linux on low-cost computersasitsnext generation of AWIPS processors.
FSL continuesto support thistransition by exploring architectural improvementsto accommodate changesintechnology
and user requirements. Softwarewasdeveloped for thetransition of field systemsfrom Hewl ett-Packard workstations
and serversto Linux PCs. Exploratory work includesthe use of RAM disks and multicast technology for distributing
data to workstations and making the system more responsive in servicing user requests.

D3D — A high point was reached for D3D when six papers were presented at the annual American Meteorol ogical
Society's AWIPS session, "Visualization: D3D Overview and Operational Use." These articles are available at
http://d3d.fsl.noaa.gov. Asaproof-of-concept, abasic netCDF ingest method was added to the D3D version of VisbD.
This method was applied to high resolution mosaicked radar data and demonstrated to the Taiwan Central Weather
Bureau. With thisproject terminated in October 2002, only minimal support for existing usersis now provided.

Projections

FX-Advanced/ AW PS— Continuing support will be provided totheNWSduring thefielding of AWIPSBuild5.2.2 and
OB1, and development and testing of Build OB2, targeted for field rel ease beginning August 2003. K ey devel opment
tasks will include accommodation of additional datasets (high-density winds derived from GOES and several radar
items), and quality control of text warning productsreleased by forecasters. System performanceissueswill continue
to be addressed.

RSA-Softwarebasedon AWIPSBUuUild5.2.2will beinstalled at theRanges, and thebranchwill assist Lockheed Martin
withinstallationandtesting. Development of additional datasets(notably, lightning/fieldmillsandradar) will continue,
and user trainingand documentationwill beprovided. A prototypeof the3D lightning display applicationwill bedelivered
in June 2003 and the operational version will be delivered in late September or October 2003.

Linux—FSL will continueto work toward the compl ete transition of AWIPSto the Linux/PC platform. During 2003,
NWShopestoreplaceall remaining Hewl ett Packard workstationsat fiel d sites, and al so augment dataprocessingwith
theinstallation of two Linux dataprocessors. FSL will continueto assist with testing, devel op software components,
and explore architecture improvements.
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Scientific Applications Branch
Patricia A. Miller, Chief

Objectives

TheScientific Applications Branch wasestablished to devel op and implement scientific software systemsdesigned to
improve weather forecasting by taking advantage of opportunities offered by recent advances in meteorological
observationsandinformationsystems. Supportisprovidedforthe AWIPSMesoscal e Analysisand Prediction System
(MAPS) Surface Assimilation System (MSAS), the National Centers for Environmental Prediction (NCEP) Rapid
Update Cycle (RUC) Surface Assimilation System (RSAS), and FSL's Meteorological Assimilation Data Ingest
System (MADIS).

MSAS and RSAS

The M SASand RSA S packagesexpl oit the resol ution of surface databy providing timely and detailed gridded fields,
or analyses, of current surface data. Surface analyses are critical to weather forecasting because they provide direct
measurements of surface conditions, permit inference of conditions aloft, and often give crucial indicators of the
potential for severe weather. MSAS runs operationally at modernized NWS Weather Forecast Offices (WFOs) as
part of the AWIPS workstation. RSAS runs operationally at NCEP.

Assurface analysis-only systems, MSAS and RSAS have the advantages of speed and closer fit to the observations.
Thesystemsproduce one-level, analysis-only gridsand therefore require very few computeresources. Also, because
the systems do not initialize aforecast model, their analysisis performed on the actual surface terrain and not along
amodel topography. Hence, nomodel surface-to-station elevation extrapol ationsarerequired, all surfaceobservations
may be used, and the fit to the observationsis maximized. In addition, MSAS and RSAS incorporate elevation and
potential temperature differences in the correlation functions used to model the spatial correlation of the surface
observations. Theresulting functionshel ptotakeinto account physical blocking by mountainousterrain, andimprove
the representation of surface gradients.

Data typically ingested by MSAS and RSAS include standard METARs, Coastal Marine Automated Network
(C-MAN) observations, surfacereportsfromfixed and drifting buoys, ships, andtheNOAA Profiler and Ground-based
GPS Networks, as well as surface observations from any available local mesonets. Sophisticated quality control
techniques are employed to help screen the surface observations. On AWIPS, the results of these techniques are
passed to the AWIPS Quality Control and Monitoring System (QCMS).

MADIS

MADIS was established at FSL for the purpose of supporting meteorological research and operations by sharing
observations and observation-handling technology with the greater meteorological community. Observations are
essential toall areasof weather analysisand prediction. Whenviewed by trained forecasters, for example, they provide
adirect indication of the current atmospheric conditions and enable the forecasters to detect and follow weather
disturbancesandtointerpret critical detail about theformation and movement of maj or meteorol ogical phenomenasuch
as precipitation, severe storms, and flight-level turbulence. Observations also form the "initial" conditions for data
assimilation systems which produce the objective, numerical weather prediction outputs heavily used in all areas of
weather forecasting. Outsidetheworld'smajor meteorol ogical centers, however, accessto these observationshas not
awaysbeen readily available.
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Tofill thisneed, MADISwasestablished to make val ue-added dataavail ablefrom FSL's Central Facility with thegoal
of improving weather forecasting, by providing support for dataassimilation, numerical weather prediction, and other
meteorol ogical applicationsand uses.

Observationsin the database are stored with a series of flagsindicating the quality of the observation from avariety
of perspectives(e.g., temporal consistency and spatial consistency), or more precisely, aseriesof flagsindicating the
results of various quality control (QC) checks. Usersof MADIS can then inspect the flags and decide whether or not
to ingest the observation.

MADISalsoincludesan Application Program Interface (API) that providesuserswith easy accessto the observational
information. The API allows each user to specify station and observation types, as well as QC choices and domain
andtimeboundaries. Many of theimplementation detail sthat ari sein dataingest programsareautomatically performed.
Users of the MADIS AP, for example, can choose to have their wind data automatically rotated to a specified grid
projection and/or choose to have mandatory and significant levels from radiosonde data interleaved, sorted by
descending pressure, and corrected for hydrostatic consistency.

Accomplishments
MSAS and RSAS

During 2002, the Scientific Applications Branch continued to support the operational MSAS and RSAS versionson
AWIPS and at NCEP.

MSAS-Themajor MSA S accomplishment in 2002 involved theinitial development of software upgrades necessary
to increase grid resolution and vary domain boundaries for MSAS on the AWIPS system. These upgrades were
deliveredwith AWIPSBUIild5.2.2, andincludetheincorporation of acustomization script that allowseachNWSWFO
to specify thedomainand resol ution of their local M SASsystems, and al soto specify theanalysisgridsdesired by their
forecasters.

Although the domain and resolution parametersfor MSAS areflexible, in previous AWIPS builds they have aways
been preset to cover thecontinental United States(CONUS) witha60-kmanalysisgrid. Startingin AWIPSBuild5.2.2,
however, each forecast office is able to modify the location, size, and resolution of itslocal MSAS domain, and also
to specify themodel background utilizedintheM SA Sanalyses, thelevel of theM SA Spressurereduction (for example,
1500 mor sealevel), and thetimeinterval used inthe M SAS pressure change analysis (for example, 1-hour or 3-hour
pressure change). (Figure 59 shows an MSAS sea-level pressure analysison AWIPS.) Changesin thedomain size
arelinked to changesin thegrid resolution in such away as to minimize AWIPS impacts and guarantee that overall
MSAS computational demands remain the same. For example, forecast offices can choose a 15-km, regional-scale
domain, or a60-km CONUS domain, but not a15-km CONUS domain. Startingin Build 5.2.2, MSASwill also, for
the first time, supports domains outside the continental U.S., such as Alaska and Puerto Rico.

Initial devel opment wasal so compl eted onanew AWIPS software packageto display observation QC resultsproduced
by MSASfor the AWIPSQCMS. Inaddition to gridded surface anayses, MSA Sregularly produces QC information
for surface observationsingested into the AWIPSdatabase. Theinformationincludestheresultsof variousQC checks
applied to each individual observation as well as the hourly, daily, weekly, and monthly percentage of failure for
observationsat each surface station, along with the errors associated with thosefailures. The current AWIPS system,
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however, provides no efficient or easy access to this information. The new software package, called the QCMS
Browser, will allow the M SAS QC information and statisticsto be easily accessed by NWS personnel for the purposes
of 1) monitoring station performance, 2) locating persistent biases or failures in surface observations, 3) evaluating
observation/QC accuracy, and 4) subjectively overriding QC values.

RSAS- Significant upgradesto the RSAS system at NCEP were also completed. The new system both increasesthe
RSA S horizontal resolution to 15 km and extendsits domain boundariesfrom Alaskain the north to Central America
inthe south, and also coverssignificantly more oceanic areas. Additional RSAS upgradesinclude anew topography
grid which has been improved to better match observation elevations and provide better treatment of the model
backgrounds. The system continuesto provide hourly surface analyses, updated twice per hour (currently at 5and 21
minutes past the hour), for RSAS sea-level pressure, NWS sea-level pressure, altimeter, potential temperature, dew
point temperature, dew point depression, 3-hour pressurechange, and surfacewinds. Inaddition, temperature, specific
humidity, and equivalent potential temperature are provided asderived grids.

Operational implementation of the new RSASversion at NCEP was completed in 2002, along with the objective and
subjective evaluations required for that implementation. Subjective eval uations were conducted by the NWS Reno,
Nevada, WFO and the NCEP Aviation Weather Center (AWC) with good results. Forecasters at both NWS offices
reported a significant improvement in the new 15-km system, stating, for example, that it "...provided detail not
observable in the previous 60-km system" and it was a "huge improvement” over the previous system. Objective
eval uations al so showed significant improvement, specifically inthe statistical fit of the gridsto surface observations.
The new RSAS also has the advantage of providing surface analyses over Alaska, Canada, Mexico, and Central
America
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Another accomplishment was the initial development of a Korean configuration of MSAS for the Korean Meteoro-
logical Administration (KMA) Forecaster's Analysis System (FAS). Figure 60 showsan MSASwind analysis over
Korea.

For more information on the customization options offered in the AWIPS Build 5.2.2 MSAS, refer to http: //maww-
sdd.fsl.noaa.gov/IMSASlocalization.html.  For more information on the new RSAS version, see the Technical
Procedures Bulletin at http://www-sdd.fdl.noaa.goviIMSASrsas tpb.html. For general information on both MSAS
and RSAS, see http://www-sdd.fsl.noaa.gov/MSAS/ msas.html.

MADIS

MADIS now supports observation distributionsto many government, research, and education institutions, aswell as
private companies. Organizations already receiving MADIS datafeeds include NWS forecast offices, NCEP, the
National Center for Atmospheric Research, the National Ocean Service, the National Aeronautics and Space
Administration's Marshall and Kennedy Space Flight Centers, the Massachusetts Institute of Technology Lincoln
Laboratory, and severa universities, meteorological companies, and local government agencies. All MADIS
subscribershave accessto areliabl e and easy-to-use database contai ning real-time and archived datasetsavailablevia
either ftpor by using Unidata'sL ocal DataManager (L DM) software. Nearly 50 subscriberswereaddedin 2002 alone.

Datasets supported by MADIS include standard maritime and land surface observations, including Meteorol ogical
Aviation Reports (METARS) and Surface Aviation Observations (SAQs), along with surface mesonet observations
fromover 5000 stationsprovided by local, state, and federal agenciesand privatefirms. Upper-air observationsinclude
radiosonde observations, automated aircraft reports, wind profiler datafrom the NOAA Profiler Network (NPN), and
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alsonon-NPN profiler datacontributed by anumber of different organi zationsincluding the Environmental Protection
Agency, NOAA research laboratories, and several major universities. The observations are acquired by the FSL
Central Facility from avariety of sourcesincluding NOAAPORT, Aeronautical Radio INCorporated (ARINC), and
FSL's Demonstration Division NPN and ground-based Global Positioning System (GPS) datahubs. Mesonet datais
decoded and stored with software originally developed for the NWS Local Data Acquisition and Dissemination
(LDAD) system. Magjor contributors to the mesonet data stream are the NOAA Cooperative Institute for Regional
Prediction at the University of Utah, which provides"MesoWest" datafrom the Cooperative M esonetsinthe Western
United States, and the Boulder NWS Forecast Office, which provides mesonet data from the local Denver/Boulder
area, and also data from the Remote Automated Weather System (RAWS) network run by the National Interagency
Fire Center. The mesonet dataset also includes observations from volunteer citizen weather observers. Wherever
possible, FSL uses redundant sourcesto maximize data availability. Although most of the MADIS datais available
without restrictions, aircraft and mesonet observations are proprietary to the data providers, and are subject to review
andrestriction by thoseproviders. Observationsaddedin 2002 includeover 2100 surfacestationsfrom 13 new mesonet
providers and 60 profiler stationsfrom about 30 multiagency providers. The latter dataset was added in cooperation
withthe Cooperating Agency Profiler (CAP) projectin FSL'sDemonstration Division, and consistslargely of 915-MHz
boundary layer profilers. Figure 61 shows MADIS surface stations in and around the state of lowa.

Observations from the NWS Cooperative Observer Program (CO-OP) network were aso added to the MADIS
database. NWS modernization effortsfor the CO-OP network included automating the collection and dissemination
of temperature observationsfrom over 100 stationsinthe New England areausing MADI Singest, integration, quality
control, and distribution capabilities. To support theNWSCO-OPmodernization, anew CO-OPdatahubwasinstalled
inthe FSL Central Facility to accept observationsfrom the newly automated stations. Another additionto MADISis
anonlinearchivethat allowsMADI Susersto easily accessnot only real -timeobservationsbut al so saved observations.
Thearchiveisupdated daily, and currently supports observations from 1 July 2001 to the present.

In 2002, MADIS aso provided observation ingest, QC, and distribution support for the NOAA New England High-
Resolution Temperature and Air Quality (TAQ) Forecasting Pilot Project and for the International H,O Project
(IHOP). MADISobservationswere a so provided to FSL's FX-Net and Real-Time V erification System projects, and

Figure 61. MADIS surface stations in and around the state of lowa. a, left) METAR surface stations; b) METAR
surface stations plotted with mesonet stations. Circles indicate the METAR stations; crosses the mesonet sites.
Adding mesonet stations to the MADIS database nearly triples the surface observations available.
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initial work wasdoneto support the dataassi milation system for the Weather Research and Forecasting (WRF) model
being devel oped by the operational and research meteorol ogical communities.

The MADIS API was also updated in 2002 to provide support for the new observationsin the MADI S database, and
to improve processing capability and speed. The APl iseasy to use, and is designed so that the underlying format of
the databaseiscompletely invisibleto the user, adesign that also allowsit to be easily extended to other databases. In
the current version of the API, support is provided for the FSL MADI S database, and also for the database used in
the AWIPS systems deployed at all NWS weather forecast offices.

TheFSL MADISdatabaseand APl arefreely availabletointerested partiesinthemeteorol ogical community. MADIS
datafilesare currently compatible with AWIPS, and with the analysis software provided by the FSL Local Analysis
and Prediction System (LAPS). For more information on MADIS, or to apply for a MADIS datafeed, refer to
http: //imww-sdd.fsl.noaa.gov/MADIS. Also available to NWS WFQOs are instructions on how to ingest and display
MADIS datasets on their AWIPS systems. Figure 62 shows MADIS mesonet data as displayed on the Web.

Projections

During 2003, the Scientific ApplicationsBranchwill continueto support NWSintheoperational implementation of the
MSASand RSASsystems. Development of new capabilities, including aport of MSASto aK orean domain, will also
be compl eted.

New observations and capabilitieswill continueto be added to MADIS. Emphasiswill be on increasing the number
of observations in the mesonet database, working with the FSL Demonstration Division to continue support for
multiagency profiler data, and also completing a MADIS software interface for the data ingest system of the
community-developed Weather Research and Forecasting (WRF) model. Access to MADIS will continue to be
provided through the Web interface which provides the forms necessary to request real-time and archived data, and
alsoallowsuserstodownloadtheMADISAPI, a"README" installation gui de, documentation, and sampleprograms
and data.

Figure 62. MADIS mesonet data as
displayed on the Mesonet Webpage
developed by the Meteorological
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System Evaluation and Support Branch
Joseph S. Wakefield, Chief

Objectives

The System Evaluation and Support Branch providestesting, configuration management, and support servicesfor the
SystemsDevelopment Division.

Accomplishments

During 2002, development versionsof AWIPSBUIilds5.2.1,5.2.2,and OB1 (Operationa Build 1) wereinstalledon FSL
test systems. The development cycle for each Build includes receipt of requirements from the National Weather
Service(NWS), preparationand review of adesignapproach (including user iterfaceissues, when appropriate) for each
requirement, development of the software and test plans, testing, refinement of the software, and system and user
documentation of the capabilities. Branch staff participate in the design/Ul review and documentation tasks, and are
responsible for developing and executing test plans. The AWIPS test plans are also used at NWS and Northrop
Grumman Information Technology (NGIT), the AWIPS prime contractor.

Similar support activitieswerecarried outin 2002 for theRSA program and acustomized AWIPS setup for the Johnson
Spaceflight Center.

Numerousiterations of each version weretested, at several-week intervals, as devel opment proceeded. In each case,
two typesof systemsweretested—onelikethe current NWSfield installation, on mostly Hewlett Packard equipment,
andoneonanall-Linux set of machines, representing theexpected future AWIPSfield architecture. FSL alsomaintains
a field-release system, on which is installed an official copy of the AWIPS software. This is used to verify
documentation, investigate problems reported by users, and test patches.

A staff member servesasFSL 'sliaisonto NGIT/NWS; hisdutiesincludetracking problemsdiscovered during AWIPS
testing, maintainingour local softwaredevel opment environment, and keeping fileversionssynchronized between FSL
and NGIT/NWSsoftwarerepositories. Figure63illustratestherel ation between FSL'slocal directoriesandtheofficial
AWIPS repository, which is managed by PVCS.

Asin past years, a branch member designed the layout of FSL's exhibit space at the 2002 American Meteorological
Society's annual meeting. In addition to coordinating the collection, shipping, and setup of al FSL equipment and
furnishings, thisenormousjob included working with AM Sand Orlando Convention Center staff to ensurethat power
and data communication requirements were met.

Other tasks carried out during the past year concern systems administration functions, such as overseeing hardware
installationsand maintai ning and updating the utility and operating system software on computersused by the Systems
Devel opment Division and the Modernization Division. Most user machinesin thesetwo divisionswere upgraded to
Red Hat Linux v7.2. In addition, new communications processors received from NGIT were installed in the FSL
computer room to replace older machines. The configuration files for these machines were maintained in order to
deliver appropriatedatato our test systems, aswell asto occasionally assist other FSL divisionsby providingtemporary
data feeds for special projects, testing, etc.
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Projections
During 2003, new software repositories will be created for AWIPS Operational Builds 2 and 3 (OB2 and OB3)
devel opment. Branch staff will support thedevel opment, testing, and documentation of these Buildsasdescribed above,
with OB2 testing occupying the first half of the year, and OB3 testing expected to commence in early summer.

Asnew tasksare a so completed for the RSA and JSC systems, test plansand testing will continuein support of those
projects, aswell.

The Red Hat 7.2 upgrade will be completed, and some exploratory work will be done with version 8.0; however, a
general upgrade will be postponed until the National Weather Service decidesto move forward.

The AWIPS OB2 release will be tested early in the year, with OB3 testing planned to commence in the summer.

Some new hardware is expected from NWS to be added to FSL's field-rel ease system, and the branch will upgrade
the software as new AWIPS releases are made available by NWS.

Theusual coordinationand planningwill beperformedtosupport FSL 'sexhibitsat the American M eteorol ogical Society
annual meeting.

ol

Figure 63. The official AWIPS software repository is managed by PVCS  Snce direct access to PVCSis slow,
FS. maintains a local copy of the PVCS database, known as localdev. The code is built daily (both HP and
Linux versions) at FSL during the development cycle. Developers (Dev) access the files via soft links, locking
a copy when needed for editing, then checking the revisions back into localdev. Daily changes made at FSL
are uploaded to PVCS and changes made by NWS or NGIT developers are downloaded to localdev. Snce

development responsibilities are well segregated, only rarely is there a merge issue, where changes have been
made in both locations.
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NWS Projects Group
Richard T. Jesuroga, Lead

Objectives

TheNWSProjects Group conductsresearch and devel opstechnol ogy for the exchange of critical weather information
between the National Weather Service (NWS) offices and between the NWS and the community. A mgjor area of
focusistheFX-Collaborate (FX C), aJavaapplicationthat supportscollaborationamong users, distributed processing,
and distributed databases. Asan interactive meteorological display system, FXC provides users accessto avariety
of meteorol ogical datastoredinremote AWIPSdatabasesand on\Web serversandlocal disks. Itsstrengthisitsability
tointerlink anumber of remotesystemsto conduct real -timeweather briefings, livemeteorol ogical discussions, orlong
distancelearningthroughitscollaborativecapabilities. During collaborativesessions, each user interactively performs
hand analyses, drawing meteorological features that instantaneously appear on other users remote FXC systems.

Accomplishments

Several additional userschose FXC to meet their datadisplay and coordination needs. These usersincludethe USAF
launchfacilitiesat Vandenberg AFB and Cape Canavera Air Force Station/K ennedy Space Center, National Weather
Service (NWS) Weather Forecast Offices (WFQs), and the NWS Southeast River Forecast Center (RFC).

RSA — The RSA program was initiated by the Air Force to modernize and standardize the command and control
infrastructure of the two U.S. Space Launch facilities (ranges), located at Vandenberg Air Force Base, California,
and Cape Canavera Air Station, Florida. FSL released anew version of FXC, al'so known asthe Briefing Tool, to
L ockheed Martin Mission Systems (the USAF contractor for RSA) for install ation at the Western Range, Vandenberg
AFB, Cdifornia. This RSA version includes several new features, such as the ability to export the AWIPS D2D
screen, atotally revised slide show user interface, and alarge selection of slide templates. The system will be used
at Vandenberg to give launch weather briefings. FSL also provided user documentation and onsite training to
forecasters.

NASA - FSL customized the FXC system for use at NASA in Houston, Texas. The requirement for worldwide
coverage led to the addition of new scales (geographic areas of interest) and more datasets. A number of minor
enhancements to the drawing tool were made based on user feedback prior to delivery. The system will be used to
give weather briefings prior to Space Shuttle landings. Figure 64 shows an example of FXC use.

National Digital Forecast Database (NDFD) — The FXC software was installed on over 30 workstations at WFOs
inthe NWS Central and Eastern Regionsto support intersite coordination of gridded forecast fields generated by the
Graphical Forecast Editor (GFE). Dedicated FX C serverswereinstalled at Tulsaand Norman, Oklahomato support
two NDFD test clusters. FSL extended FXC'stext chat capability to include audible alert, time stamp, chat history,
alert on text string(s) within message, selective disabling of alert, and color coding of messages. The system was
successfully tested for several months. Thetest helped to define NDFD collaboration requirements.

NWS/'SERFC — A new version of FXC was installed at the Southeast RFC in Peachtree City, Georgia, and at
Emergency Operations Centers in several southeastern states. The system was used successfully during several
potential flooding situationsinthearealast year, includingHurricaneL.ili, to exchangecrucia weather informationwith
emergency operationsofficials.
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NWSWFO — Some support was given to forecast offices desiring to use FXC's extensive drawing capability to
generate graphical products of weather hazards for the offices Webpages.

Projections
The focus of FXC work in 2003 is expected to cover the following areas:

» Alaska — As a result of a demonstration of FXC last year to attendees at the Volcanic Ash Workshop in
Anchorage, Alaska, itisanticipated that FX Cwill beusedinsomecapacity to collaborateonvol canicash dispersion
assessment and forecasting between staff members at the FAA Center Wesather Service Unit (CWSU) and WFO.

* Flight Service Sations— FX C'scapabilitiesarewell suited for pilot weather briefings by Flight Service Stations.
Itisanticipated that atest of this capability will be conducted to evaluate its potential use asapilot briefing tool.

* RFC—FSL will continueitseval uation of FX CintheNWS Southern Regionto support flood coordination between
the RFCs and emergency operations personnel. Additional offices are also expected to use FXC to help prepare
graphical weather products for inclusion in their Webpages.

0.88 inch h

Figure 64. Example of how FXC can be used reported at
to annotate weather data displays. Pictures B He”rmﬁ?
such as this can be posted on WFO's Webpage
for public information.

(Courtesy of NWS'WFO Norman, Oklahoma.)
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Objectives

The Aviation Division collaborates with the Federal Aviation Administration (FAA), the National Weather Service
(NWS), and the Departments of Defense and Transportation. The product of these collaborations is an improved
weather forecasting and visualization capability for use by military and civilian forecasters, air traffic controllers, air
trafficmanagers, airlinedispatchers, and general aviation pilots. Moreopportunitiesto devel op better weather products
now exist because of new observing systems, recent advances in understanding the atmosphere, and higher
performancecomputing capabilities.

Thedivision comprisesfour branches:

Aviation Requirements and Applications Branch — Defines requirements for generating and disseminating
aviation weather products; develops the capability to assess the quality of products generated automatically and
by aviation weather forecasters, and the "guidance" forecasters use to generate those products.

Aviation Systems: Development and Deployment Branch — Manages enhancement, testing, fielding, and
supporting of advanced meteorological workstations for the NWS Aviation Weather Center (AWC); develops
Aviation Digital Data Service (ADDS) Web products for use by the aviation community.

Advanced Computing Branch — Assures the continuing improvement of high-resolution numerical westher
analysis and prediction systems through research and devel opment in high-performance computing.

Forecast Verification Branch —Devel opsverification techniques, mainly focusing on aviation weather forecasts,
and toolsthat allow forecasters, researchers, developers, and program leaders to generate and display statistical
information (Figure 65) in near real time using the Real-Time Verification System (RTVYS).

Inadditiontoitsownactivities, the Aviation Division providesfundsfor other FSL divisionstoassistinachievingthese
goals.

Figure 65. RTVStime series of
the turbulence forecast
verification using the Aviation
Weather Center's AIRMETS
and PIREPs of observed
turbulence. The plotted values
include the probability of
detection of turbulence (PODy)
in red, the probability of
detection of no turbulence et |
(PODn) in blue! and the percent Ju:li]l.:. J.;\a: Ju‘lH‘I .n.rl.m Julai Jirl\ﬁl J‘u:IOI Jarllﬁl
volume of the total airspace
i mpacted by the forecaSt Generated on 30 Jan 2803 by HORASFSL-RTVS

volume (Pct Volume) in green. i Pk T e e

The X-axis shows time (weekly) R e ' '

Feroentage

increments, the left side Y-axis
is the POD values, and the
right side Y-axis is the Pct
Volume values.
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Aviation Requirements and Applications Branch
Lynn A. Sherretz, Chief

Objectives

TheAviation Reguirementsand A pplications Branch devel opsreguirementsfor advanced productsand softwaretool s
for theaviationcommunity. Thesoftwareincludesflight planningtoolsfor pilots, air traffic controllersand managers,
and airline dispatchers, aswell as product generation and grid interaction tools for aviation weather forecasters.

The branch serves as the focal point for coordinating activities with the FAA Aviation Weather Research Program
(AWRP) andtheU.S. Air Force Wesather Agency (AFWA), organizationswhich fund the development efforts. Two
other functions involve leading the AWRP Product Development Team for Aviation Forecasts and Quality
Assessment (AF& QA), and facilitating projectsthat providethe Air Forcewith globally rel ocatable, high-resolution
atmospheric analyses (using the Air Force' s global datasets).

Flight Planning Tools

Development of the Aviation Digital Data Service (ADDS) continues, in collaboration with the National Center for
Atmospheric Research (NCAR) and the NWS Aviation Weather Center (AWC). Aviation decision-makers can use
thisInternet-based system to accesstext, graphics, grids and images of up-to-the-minute observations, and forecasts
of high-resolution aviationimpact variables(AlVs) tailored to specific flight routes. The ADDSWebsite (Figure 66)
is available at http://adds.aviationweather.gov.

Product Generation Tools

Thebranchisserving asthefocal point for devel oping and eval uating theutility of advanced weather display products
for FAA Traffic Management Units (TMUSs), which are tasked with managing air traffic in enroute and terminal
environments. Thiseffortincludesdevel opingand evaluating theutility of softwarethat enablesNWS Center Wesather
Service Unit (CWSU) forecasters to collaborate in real-time to generate products for TMUs.
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Aviation Division — Aviation Requirements and Applications Branch

Volcanic Ash Coordination Tool

Responding to the need for better coordination among the operational organizationsthat make forecastsfor volcanic
ash, thebranch is seeking support to develop aV ol canic Ash Coordination Tool (VACT) that will benefitfromFSL’s
FXC (FX-Coallaborate) workstation. (To learn more about how vol cani ¢ ash threatens aviation and the organi zations
that must respond, refer to Simpson et. a., Wea. Forecasting, August 2002.)

Program Development and Technology Transfer Project

Thegoal of the Program Devel opment and Technology Transfer project isto expand FSL’ s opportunitiesto develop
new collaborativeactivitieswith domestic andforeignresearch and operational groupswithingovernment, educational
institutions, and the private sector. Theproject leaderswill build on FSL’ sexpertisein numerical weather prediction,
data assimilation, high-performance computing, and observing systems. Advances in weather warning support,
dissemination, and graphical forecast editing areamong thetechnol ogiesplanned for infusioninto operational weather
services during the coming years.

Accomplishments
Flight Planning Tools

During 2002, along with NCAR, the branch focused on preparing to implement ADDS operationally at the NWS
Aviation Weather Center with the primary goal of ensuring that the software runs very reliably. Tasks included
enablingal ADDSproductstobegenerated at AWCinstead of at devel opment laboratories, andtorunontheoperating
system that AWC supports. NCAR and FSL now have identical development and testing environments, thereby
ensuring that all ADDS Javatools have a standard code base and identical "look and feel." Thiswill makeit easier
for AWC to maintain the Java tools when ADDS becomes operational.

The branch participated in ajoint FAA/NWS working group to identify weather information requirementsfor FAA
Traffic Management Units. Assistance was provided the FAA in preparing a detailed research plan for rapid
prototyping of weather productsfor TM Usand methodsfor collaboratively generating those products. In coordination
withthe NWS Southern Region, aTest and Evaluation facility was set up at the Fort Worth, Texas, Air Route Traffic
Contral Center (ARTCC), which will initially focus on convective forecasts for FAA traffic managers.

Key tasksincluded 1) setting up FXC product generation, server systems, and communication links; 2) implementing
aWebsite that will enable traffic managersto view prototype products; and 3) developing a prototype of graphical
convectiveforecastsfor FAA traffic managersthat combinesinto asingle graphic key with attributes of Convective
SIGMETSs (generated each hour by forecasters at NWS/AWC) and the National Convective Weather Forecast (an
automated product based on NEXRAD observationsand lightning observationsthat isgenerated every five minutes).

Besidesgenerating and di sseminating products, FX C enablesforecastersat various| ocationsand onvariouscomputer
platformsto view concurrently and in real time basic AWIPS weather displays, invoke basic workstation functions
(such as animating, zooming, and overlaying), and collaboratively generate (in real time) free-hand and icon-based
graphical products. Thissystem can bereadily adapted toingest |ocal dataand display output generated by advanced
algorithmsand forecast models. Itisalsoideal for rapid prototyping becauseit residesoutside of the AWIPSfirewall,
thus providing theflexibility to make rapid enhancements.

119



FSL in Review — 2003

Volcanic Ash Coordination Tool

The initial conceptsfor theV ol canic Ash Coordinationtool weredevel oped and presentedtothe FAA andNWS,
andfunding opportunitiesarebeing pursued.

Program Development and Technology Transfer Project

Inkeepingwith FSL’ smissiontotransfer new technol ogy and research findingsto other NOAA officesand other users
of environmental information, many new program devel opment activitiesare underway. The cooperative agreement
between FSL and the Colorado State University’s Cooperative Institute for Research in the Atmosphere (CIRA) is
utilized to support collaborative research between FSL, CIRA, and other agencies such asNASA and NCAR. This
agreement providesadefined cooperativerelationship with scientistsat CIRA and FSL who work to solve operational
weather problems. It providesaunique opportunity for applied researchersfrom the public sector to transfer proven
scientific advances and technologies to operational agencies to benefit their respective weather observing and
forecasting systems.

A major task |ast year was management and execution of the 2002 FSL Technology Day, which showcased real -time
demonstrationsof FSL research projects. All activitiesrequired extensive planning and coordinationtoinauguratethe
exhibitionof researchresultsthat were considered matureenoughto demonstrateto thegovernment and public sector.
The participantsstrongly encouraged further collaboration with FSL in continued research and devel opment of these
results. New collaborationswereidentified asaresult of the 2002 FSL Technology Day, held at the Skaggs Research
Center, involving the Real-Time Verification System (RTVS), Graphical Forecast Editor (GFESuite), and the FX-
Collaborate (FXC) and FX-Net workstation projects. Ongoing technology transfer activities include continued
collaboration with the Air Force Launch Ranges regarding the RSA program and the Air Force Weather Agency
regarding the development of data assimilation for the Weather Research and Forecasting (WRF) model.

Another important collaboration involved outreach with the FSL Director's Office to develop materials and provide
outreach for the Global Universal Profiling System (GUPS) initiative. Contactswere devel oped with international,
private sector, university, and other government agencies, such as the Department of Defense, to participate in
scientific collaboration, concept feedback, and planning activities. A proof of concept planandadetailed briefingwere
prepared for use as outreach tools when contacting potential supporters and collaborators. Scientific and program
planning meetingswere held with researchersfrom other NOAA Office of Atmospheric Research laboratories, such
asthe Climate Monitoring and Diagnostics L aboratory, Aeronomy Laboratory, and the Environmental Technology
Laboratory.

New research collaborations were initiated with support from the GPS-Met Observing Systems Branch in the
Demonstration Division. Activitiesincluded outreach and educati on effortsand devel opment of research partnerships,
asfollows:
« Coordinated aprogram funded through the Federal HighwaysAdministrationfor apartnershipwiththeNational
Geodetic Survey and the Space Environment Center to research the use of meteorol ogical andionosphericmodels
to improve GPS positioning accuracy.
* Seminar and poster presentationsat local AM S Chapter meetings, the annual AM S meeting, regional meetings
of NWS Science Operations Officers, the National Transportation Board annual meeting, the World Space
Congress, and CORETech. Three papers were co-authored for these activities.
« | dentification of user requirementsfor the Federal Highways, Air Force, and Army program devel opment efforts.
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Projections

Flight Planning Tools

The primary focusisto continue collaboration with NCAR and AWC to make ADDS fully operational at AWC by
July 2003. Following operational implementation, AWC (with support from FSL and NCAR) will undertakethekey
task of enabling ADDSto conformto criteriafor reliability, accessibility, security, and archiving set forth by the FAA
to qualify as an approved provider of weather information over the Internet. The criterion for archiving requires
reproducing the specific datarequested by each user for 15 daysfollowingtherequest. To meet thisrecommendation,
all productswill be archived and each product request and ADDS response will be recorded. It will not befeasible
for ADDS (and other Internet-based aviation weather systems) to ascertain if usersreceive or look at the products.

Operational and software documentation will be prepared to familiarize the Aviation Weather Center with ADDS
software and hardware. Plans are to implement the same development environment at AWC that NCAR and FSL
use, thereby ensuring that any software "fixes' made by AWC have a path to future versions.

Another expectedtask istodevel opan"application” version of theADDSFlight Path Tool . Benefitsof thenew version,
which is based on Java Developer’ sKit 1.4, include acommon "look and feel" across platforms, faster printing and
saving preferred configurations, and an "environment” to build custom graphicsfor specific flight routes.

Product Generation Tools

A major task will be to assess the utility of the prototype convective forecast, Convective SIGMET and NCWF
combination, that wasdevel opedin 2002. Softwarewill bedevel opedtodisplay prototypeinflighticingproducts. The
initial focuswill be onthe automated Current I cing Potential (CIP) and Forecast | cing Potential (FIP) in context with
conventional AIRMETsand SIGMETsfor icing.

Volcanic Ash Coordination Tool

Development of the VACT will begin in 2003, with initial implementation at the Alaska Aviation Weather Unit
(AAWU) and the Anchorage Center Weather Service Unit (CWSU). The AAWU generates SIGMETsfor volcanic
ash and the CWSU generates Center Weather Advisories (CWAS) for volcanic ash. Enabling both entities to view
identical data and collaborate in real time will help ensure that warnings and forecasts are consistent.

Program Development and Technology Transfer Project

The Program Development and Technology Transfer Project will continue to expand efforts to create new
collaborationswith domestic andinternational research and operational groupsinthe private sector, government, and
academia. Operational user requirementswill be developed and documented for the GPS-Met project to be used as
an outreach tool to create new research and technology transfer opportunities with the DOD, Federal Highways
Administration, andtheNPOESSprogram. Activitiesto expand collaborationwith FSL and CIRA will focuson GPS-
Met, dataassimilation, and satellite calibration/validation. Other outreach plansin support of program devel opment
include finding additional venuesfor systems demonstrations and technical presentations and devel oping aWebsite
that highlights collaborative project opportunities at FSL. Finally, activities are ongoing related to planning and
coordinating the 2003 FSL Technology Day.
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Aviation Systems: Development and Deployment Branch
Greg Pratt, Chief

Objectives

The Aviation Systems. Development and Deployment Branch works with other groups within FSL and outside
agenciesin an effort to rapidly prototype new or enhance existing meteorological information systemsfor use by the
aviationcommunity. Goalsaretoimprovesafety and useof theNational Air Space(NAS) by improvingthetoolsused
by aviation forecasters, creating temporally and spatially seamless aviation weather forecasts through forecaster
collaboration, and delivering the best aviation weather productsavailableto air routetraffic controllers, dispatchers,
andpilotsineasily understoodformats. Current activitiesinvolvefour projects: AviationDigital DataService(ADDS),
the Enhanced Traffic Management System (ETMS), Traffic Management Unit (TMU), and DataL ink Dissemination
(DLD).

Aviation Digital Data Service Project

ADDS is a Web-based real-time aviation weather dissemination system (http://adds.aviationweather.noaa.gov)
with aprimary objective to facilitate asafer and more efficient NAS. To accomplish thisgoal, the ADDS provides
aviation decision-makers (pilots and dispatchers) with easy, inexpensive, real-time access to the |atest operational
aviation weather observations and forecasts, along with experimental products based on research funded by the
Federal Aviation Administration (FAA) Aviation Weather Research Program (AWRP). Userscanview andretrieve
aviation weather in avariety of formats that they can tailor tofit their individual needs. The user can view and print
text products and pregenerated graphics products, or interactively query the ADDS site by running Java appl ets.

A secondary goal of the ADDS is to rapidly release new and improved aviation weather products to the aviation
community. The ADDS meets this goal by involving the user at an early stage in the development cycle. User
feedback from the ADDS Advanced User Group, the ADDS Forum, and e-mail determines design decisions and
product usability. Thismeansthat end-usersareinvolvedintherequirements phase and determinewhether aproduct
isuseful by accessingit during theexperimental portion of the development cycle. Theend-user determinestheneeds
and when they have been met.

The branch continues to work jointly with the National Center for Atmospheric Research (NCAR) and the Aviation
Weather Center (AWC) to add functionality and support the ADDS Website. The ADDSisfunded throughthe FAA
Aviation Weather Research Program (AWRP).

Enhanced Traffic Management System Project

TheETMSisareal-timeaircraft tracking system being used operationally by all FAA air traffic control personnel to
direct aircraft flow inthe United StatesNAS. Goalsof the ETM Sareto maintain safe airways, help minimizedelays,
and conserveenergy. Weather playsakey roleinall threeof theseareas. Thebranch hasdevel oped and operationally
deployed the Aviation Weather Network, designed to add real-time weather information to the ETM Sfor display on
theTraffic Situation Display and provide automation support for strategic planning of the National Airspace System.

Work continues with the Volpe National Transportation Systems Center (the Volpe Center) in integrating new

aviation-tailored weather productson the Aircraft Situation Display and upgrading the Aviation Wesather Network to
handlethelatest improvementsto the Rapid Update Cycle (RUC) gridded datasets. TheRUC gridsareusedto create
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displaysforthe Traffic Situation Display and provideautomation support for strategic planning of theNational Airspace
System.

Traffic Management Unit Project

TheTMU projectiscurrently intheinitial phase of afour-phase project designed to addressunmet or newly identified
weather information needs of the TMU in the following air traffic weather-related hazard areas:

Phase 1—Convection

Phase 2—Icing

Phase 3— Turbulence

Phase 4—CeilingandVisibility

Each phase will addressthetactical (0—1 hour) and the strategic (2—6 hour) application of the above productsto help
the TMU decision-maker in directing air traffic into and out of the ARTCC airspace. All phaseswill be subjected to
theiterative processof defining, devel oping, demonstrating, and eval uating theweather rel ated hazard graphicand its
presentation to Traffic Manager users.

Theprojectissponsored by FAA'sAir Traffic System Requirements (ARS-100), AWRP (AUA-430), and Southwest
Regional Headquarters, aswell asthe National Weather Service Southern Region Headquarters. The purpose of the
projectistoaddresstherequirementsthat werefoundinthein-depth study performed by FAA ARS-1000n"Decision-
Based Weather Needs for the Air Route Traffic Control Center (ARTCC) Traffic Management Unit." In response
to these needs, FSL isworking closely with the Dallas/Fort Worth (ZFW) Traffic Management Unit (TMU) and the
Center Weather Service Unit (CWSU) on Phase 1, the Tactical Convective Hazard Product (TCHP) graphic.

Thegoal of the TCHPisto consolidateall tactical thunderstorm informationinto asinglegraphical product or limited
suite of products for presentation to TMU decision-makersin an easily understood format. The TMU project will
capitalize on development of advanced products from the AWRP and optimize the use of conventional advisories.
Feedback from the ZFW Traffic Management Unit and Center Weather Service Unit participantswill help refinethe
content and presentation. The Demonstration and Evaluation (D& E) will expedite fielding of advanced products by
obtaining operational input early intheprocess. When thereisagreement between the participantsthat asatisfactory
product has been created, specific recommendationswill be made for national implementation on FAA operational
systemssuch asthe Vol pe National Transportation Systems Center Enhanced Traffic Management System (ETMS).

Data Link Dissemination

The Flight Information Services Datalink (FISDL) is apartnership between the government and private industry to
get affordable, near real-time weather data to the cockpit of general aviators. In an agreement signed by private
vendors and the FAA, it was agreed that basic weather products would be broadcast without cost to the users. The
FAA and industry have defined the following seven weather productsasbasic METAR, TAF, SIGMET, Convective
SIGMET, AIRMET, PIREP, and Alert Weather Watches. In an effort to make these products usable in the cockpit,
the FAA has sponsored FSL and NCAR to work jointly on creating decoders for the above weather products. This
effort is called the Data Link Dissemination (DLD) project.
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Accomplishments
Aviation Digital Data Service Project

During 2002, work continued on moving the operational support and maintenance of ADDS to Aviation Weather
Center devel opersand technicians. Satellite dataingest/image creation hasbeen fully transitioned to AWC. A TAF
(Terminal Aerodrome Forecast) decoder was built that stores TAF messagesin arelational database (MySql). The
PIREP (pilot report) appl et was upgraded to conform with new ADDS appl et standards. Thetime selector bar widget
wasenhanced onthe PIREP appl et to allow for viewing of acomposite of six hoursof PIREP dataor allow for looping
6 hours of PIREP data on hourly time steps. A new concept for flight service station briefings using FXC has been
explored and demonstrationshave been given to the ADDS advance user group, Flight Service Station personnel, and
our FAA sponsors. (Figure 67 shows anew tool for ADDS that will benefit pilots during preflight planning.)
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Figure 67. Web screen showing a new PIREP Java tool for ADDS, developed to provide pilots with preflight
planning information regarding the current status in the National Airspace.
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Enhanced Traffic Management System Project

The focus of ETM Swork wasto help Volpe Center transition software development to their facility. Training and
software source documentation was given to Vol pe software devel opers. Volpe developersare currently extending
the Northern Hemisphere Winds Aloft and Jet Stream products to the Southern Hemisphere.

Traffic Management Unit Project

The team demonstrated and evaluated the initial version of the Tactical Convective Hazard Product (TCHP) on the
Traffic Management Unit (TMU) Website (http://tmu.fsl.noaa.gov) to the Dallas/Fort Worth traffic managers. The
Website was enhanced based on feed back from the traffic managers from static displays of the TCHP to allow the
traffic manager user to toggle on/off map backgrounds and convective productsthat comprisethe TCHP (Figure 68).
The convective SIGMET portion of the TCHP was enhanced to include convective SIGMET nowcast, convective
SIGMET forecast, and convective SIGMET text. The convective SIGMET forecast is created by advecting the
convective SIGMET nowcast using the motion information so that it is time matched with the National Convective
Weather Forecast. A new impacted jet route map background was created using the convective products that
comprise the TCHP for color-coding jet route segments. Testing, training, and evaluation plans have been created
and added to the Website. The following convective products and map backgrounds make up the TCHP:

* Convective SIGMET Nowcast

* Convective SIGMET Forecast

* Convective SIGMET Text

» National Convective Weather Forecast

* National Convective Detection Product

« National Convective Detection Motion Vectors and Cloud heights

* VOR (VHF Omnidirectional Range) maps

* Jet Route maps

* DFW TRACON scale and map background

* ZFW ARTCC scde

* |AH TRACON scale and map background

* ZHU ARTCC scde

 Impacted Jet Routes
Thetraffic manager will be able to toggle on/off the other TCHP map backgrounds and convective data. The TCHP
viewer isalso being enhancedtoalow for looping. Thetraffic managerswill betrained how tousethe TCHPin April
2003, and the evaluation of the TCHP will begin shortly thereafter. Feedback will be gathered during the evaluation
periodand used to makefurtherimprovementstothe TCHP. Work will beginonacquiringand displayingicing products
in an effort to create a Tactical Icing Hazard Product (TIHP).

DatalLink Dissemination

Involvement with the DLD project began by searching for ano-assumption robust decoder that could be used by the
private sector for their FISDL systems. FISDL isaVHF-based radio link to aspecia aircraft receiver. Land-based
transmitters placed acrossthe U.S. send weather and other important flight information to these airborne receivers.
A separate cockpit display formats and shows stored information to the pilot. Textual weather information is
transmitted at no cost, but the vendors charge amonthly feefor graphics, suchasNEXRAD and graphical METARS.
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Data linked flight information helps pilots make better and earlier decisions when facing potentially hazardous
conditions.

FSL and NCAR presented findingsto the FAA and private vendors on METAR decodersthat are available. It was
recommended that the METAR decoder developed at FSL's Information Technology Services (ITS) be used as a
starting point for devel oping arobust no-assumption decoder. FSL procured and configured areal-timeingest system
in this process. The ITS decoder has been reimplemented and is being reconfigured to meet FISDL vendor
reguirements. Work hasbegun to devel op atest suite so that the vendor implementation of the decoder can beverified
against the FAA-funded implementation. FSL and NCAR are also developing a psuedo code for describing the
decoder, and delivery to the FISDL vendor will include the decoder, test suite, and psuedo code.

[« &RTCC aress
[ Jet Rautes

[7 o s

I woR Locs

[+ pPwTRACON
[# lar TRacan

S A GFE) javascriptuoidia)

Figure 68. A Web screen showing a 1-hour forecast of the Tactical Convective Hazard Product, developed
to show aviation traffic managers at the Dallas/Fort Worth Air Traffic Control Center the 1-hour projected
movement of a severe thunderstorm in their airspace.
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Projections
Aviation Digital Data Service

An operational version of the ADDS will beimplemented at the Aviation Weather Center, whereit will be tested to
ensure that implementation and support of the ADDS system passes FAA’s Qualified Internet Communications
Provider policy. An ADDS development and support environment will be configured and installed at the Aviation
Weather Center, and devel operstherewill betrained on all aspects of the ADDS code. The TAF decoder and My Sl
implementationwill beenhancedtowork inthenew ADDSdataserver architecture. The TAF applet will beenhanced
to take advantage of the TAF in decoded form.

Enhanced Traffic Management System Project
No new work at thistime.
Traffic Management Unit Project

A Traffic Manager default TCHP display version is being implemented for use during the 2003 convective season.
The default display will bring up the following TCHP maps and convective data products on the Dallas/Fort Worth
ARTCC scalein auto-update mode:

 State and ARTCC Maps

* VOR ldentifiers

* DFW TRACON

* |IAH TRACON

* National Convective Detection Product

* National Convective Forecast Product

« National Convective Motion and Tops

Data Link Dissemination

Plans are to deliver the psuedo code, decoder, and test suite to the FISDL vendorsin April 2003. FSL and NCAR
will help the FISDL vendors get aMETAR decoder running and verified in their workstation environment. Tasks
include gathering statistics on problems with the METAR datasets and creating a feedback loop to the National
Weather Serviceto helpresolve M ETAR formatting problems. Thebranchwill beginwork ondevel opment of psuedo-
code, decoder, and atest suite for the TAF delivery to FISDL vendors.
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Advanced Computing Branch
Michael Kraus, Acting Chief

Objectives

Themission of the Advanced Computing Branch isto enable new advancementsin atmospheric and oceanic sciences
by making modern high-performance computers easier to use and by exploiting high-speed networks and Web
technologies to utilize distributed data management and distributed computing. Modern parallel supercomputers,
typically composed of commodity off-the-shelf components, offer a less costly alternative to traditional vector
supercomputersfor thefast, efficient production of numerical forecasts. However, they aremoredifficult touse. The
branch has devel oped software that simplifiesthe porting of numerical geophysical modelsfrom FSL, other NOAA/
OAR laboratories, the National Centers for Environmental Prediction (NCEP), and other organizations to modern
parallel computing architectures. The culmination of this development isthe Scalable Modeling System (SMS).

Using SMSS, parallelismisadded to aFortran program by inserting directivesin theform of Fortran comments. SMS
thenautomatically translatesthissourcecodeinto parallel sourcecode, inserting callsto SM Ssubroutinesthat perform
interprocess communication and other parallel operations as needed. Since the directives are comments, asingle
source code can be maintained for both serial and parallel machines. Also, automatic source codetranslation allows
complexity to be hidden from usersto a greater degree than more traditional subroutine-based approaches.

The SMS subroutines form a software layer between the prediction model’s source code and Message Passing
Interface (MPI), theindustry standard for interprocessor communication. Thislayered approach provides SM Susers
with ease of use, minimal impact to their source code, portability, and high performance. Source codesthat include
SMSdirectivesarefully portableto most high-performance computers, Unix workstations, and symmetric multipro-
cessors (SMPs). SMSS subroutines provide high-performance scalable 1/0O supporting both native and portablefile
formats. Also, dataorderinginfilesisindependent of thenumber of processorsused. Further, sinceparallel operations
areimplemented asalayered set of routines, machine-dependent opti mizations have been madeinside SM Swithout
impacting themodel source code. SM Salso supports many user-specified optimizations. For example, theexecution
of redundant computations to avoid time-consuming interprocessor communication will reduce run times in some
cases. SMSalso providestoolsto assist in testing and debugging of parallel programs.

The following atmospheric and oceanic analysis and prediction models have been parallelized using SMS: Quasi-
nonhydrostatic (FSL), Rapid Update Cycle (FSL), Local Analysis and Prediction System (FSL), Regional Ocean
Modeling System (Rutgers University/UCLA, Pacific Marine Environment Laboratory), Global Forecast System
(Central Weather Bureau, Taiwan), Typhoon Forecast System (Central Weather Bureau, Taiwan), NALROM
(Aeronomy L aboratory), Princeton Ocean M odel (Environmental Technology L aboratory), Hybrid Coordinate Ocean
Model (LosAlamosNational Laboratory/University of Miami), Eta(NCEP), and acoupled POM-icemodel (NASA
Goddard Space Flight Center). Computer architecturessupported by the SMSincludethelBM SP2and IBM Power4
Cluster, Cray T3E, SGI Origin3000, Sun E10000, Linux clusters(Intel OA32and | A64 and Compag Alpha), and other
Unix workstations and SMPs.

Accomplishments

During 2002, the branch continued development and enhancement of the functionality and portability of SMS, and
updated documentation with each new release. Themost significant newly devel oped featuresareadditional runtime
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debuggingtools, support for moreflexible decompositions, and support for most Fortran90 syntax. Trainingon SMS
was provided for scientists from NOAA and other organizations including CIRA and NASA.

SM Swasusedtoparallelizeaconvection codesupportingagrant for air quality, acoupled POM-icemodel for NASA’s
Goddard Space Flight Center, and the Large-Eddy Simulation (LES) cloud model for the Pacific Northwest National
Laboratory (PNNL).

The branch continued its collaborative efforts to support the development of the Weather Research and Forecast
(WRF) model, and became involved in related efforts such as the Joint Modeling Testbed (IMT). The JMT, aplan
to provide atestbed for weather model swhich would span weather |aboratories, is superseded by the Developmental
Test Center (DTC), which is being replaced by the WRF System Test Plan. The design and implementation of the
WRFmodel'sl/O APl wascompleted. The Standard I nitializationwasmaodifiedto providethecapability of performing
output in the WRF I/O API. The WRF regression test was ported to Jet and 1Jet, and the compile time of WRF on
IJet was cut in half.

Support continuedto beprovided, asneeded, for the parallel RUC and Quasi-Nonhydrostatic (QNH) models, for users
of the High-Performance Computing System (HPCS) at FSL and for the HPCS management team, regarding
hardware and software upgrades.

The TeraGrid was studied and a proposal was written for NOAA HPCC grant funding to explore the feasibility of
running an ocean model and an atmosphere model on different machines coupled over the TeraGrid. The proposal
was funded.

A paper on" TheScalableM odeling System: Directive-based CodeParallelizationfor Distributed and Shared Memory
Computers" was written and accepted for publication by the Journal of Parallel Computing.

Projections

Plansfor the Advanced Computing Branch during 2003 include:
-Use SM Sto parallelize other atmospheric and oceanic model sasneeded. Continueto develop and enhance SMS
andto port it to new computer architectures. Continueto support usersof SMSand of FSL’sHPCS. ProvideSMS
user training as needed.
- Continueto participatein the WRF System Test Plan, which will include the porting of the NCEP Verification
and Post Processing software to an FSL computer. In collaboration with the WRF community, develop a
requirements document for aWRF Portal. Publish resultsin conference proceedings and journals.
- Optimize the RUC code for the IBM Power4 Cluster.
- Support I TSprocurement activities, beginning thisspring, for acquisitionof FSL’ snext HPCS. Benchmark suites
will be created for the procurement. The feasibility of running acoupled model over the TeraGrid for the HPCC
will bedemonstrated by devel oping aprototype coupled model and running it at FSL and PNNL, coupled over the
Teragrid. Thebranchwill produceareport documentingwhat weaccomplished andthelessonslearned, both about
how to use the TeraGrid as well as possible shortcomings of the TeraGrid itself.
« |n collaboration with the I nternational Division, support the Taiwan Central Weather Bureau in their upcoming
procurement of an HPCS.
* Help NOAA/ETL parallelizea RAMS model using SMS, and help NASA Goddard parallelize its Ocean/lce
Ecosystem model using SMS.
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Forecast Verification Branch
Jennifer Luppens Mahoney, Chief

Objectives

Verificationisthekey toproviding reliableinformationfor improvingweather forecasts. Aspart of FSL'sinvolvement
with the Federal Aviation Administration (FAA) Aviation Weather Research Program (AWRP), the Forecast
Verification Branch devel opsverificationtechniques, mainly focusing onaviation weather forecastsandtool sthat all ow
forecasters, researchers, developers, and program leaders to generate and display statistical information in near real
time using the Real-Time Verification System (RTVS).

In adhering to related goalsin the FSL Strategic Plan, the branch strivesto maintain a strong verification program by
working closely with other agencies, such asthe National Centers for Environmental Prediction (NCEP), National
Weather Service (NWS), and the National Center for Atmospheric Research (NCAR) Research Applications
Program. The technology developed through these close interactions can benefit all agencies by building and
strengthening the verification programs.

The branch isinvolved in avariety of national programs such asthe International H,O Project, the Coastal Storms
Initiative (CSI) program, and projects relating to fire weather. Another task involves development of verification
techniques for evaluating precipitation forecasts, a capability that has been used to support local-scale numerical
modeling effortsat FSL. Other important activities include serving as co-lead of the AWRP' s Quality Assessment
Product Development Team and lead of the Collaborative Decision-Making Weather Applications Verification
Subcommittee.

Real-Time Verification System (RTVS)

In support of these verification efforts, scientiststhroughout FSL collaborate with scientistsat NCAR and the NWS
Aviation Weather Center (AWC) todevelopthe RTV Sasatool for assessing thequality of weather forecasts. RTVS
isdesigned to provide a statistical baseline for weather forecasts and model-based guidance products, support real-
time forecast operations, model-based algorithm devel opment, and case study assessments. To thisend, RTV Swas
designedtoingest weather forecastsand observationsin near real timeand storetherelevantinformationinarel ational
database management system (RDBMS). A flexible easy-to-use Web-based graphical user interface allows users
guick and easy accessto the datastored inthe RDBMS. Users can compare variousforecast lengths and i ssuetimes,
over a user-defined time period and geographical area, for avariety of forecast models and algorithms.

The RTVS has become an integral part of the AWRP by providing a mechanism for monitoring and tracking the
improvements of AWRP-sponsored forecast products. RTV Swill run operationally at the AWC providing feedback
directly to forecasters and managersin near real time.

Verification Methods

Thebranchisanactiveparticipant, incollaborationwith NCAR, indevel oping and testing state-of -the-art verification
methods, with an emphasis mainly on aviation and precipitation forecast problems. New techniques have been
developed for convection, icing, turbulence, ceiling and visibility, and precipitation. Many of these techniques are
appliedtoaviationforecaststhat havebeen deemed " unverifiable." Neverthel ess, thedevel opment andimplementation
of these verification methods are leading to a better understanding and improvement in the aviation forecasts.
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Accomplishments

Thisyear extensiveverification activitiessupporting thetransition of thel ntegrated Turbul ence Forecasting Algorithm
(ITFA) were completed. Theresultswere used inthe FAA/NWS decision processto transfer the algorithm from an
experimental phaseto fully operational weather product that will be supported by NWS. Thel TFA agorithm (known
asthe Graphical Turbulence Guidance Product) will be available to NWS Aviation Weather Center forecasters and
othersto be used as aforecast guidance product for evaluating where turbulence may occur within the atmosphere.

From 30 July—1 August 2002, aworkshop entitled "Making V erification More Meaningful," cosponsored by FSL and
NCAR and funded by the AWRP program, brought together an international group of researchers and operational
meteorol ogists and hydrologists. The workshop focused on the development of advanced diagnostic verification
approaches, operational and user issues, observational concerns, and verification of ensemble forecasts. The
workshop included 9 invited presentations, 20 contributed presentations, and 10 poster presentations. Accessto the
presentations can be obtained at http://www.rap.ucar.edu/resear ch/verification/ver_wkshpl.html. Some of the
main conclusions presented include 1) measures of forecast quality are not equivalent to measures of forecast value;
2) thereisalargeloss of information —and consequently, economic value — associated with use of nonprobabilistic
forecasts; 3) pilotsand other aviation personnel arein need of clearly defined weather information; 4) scaling issues
needtobetakenintoaccountinverificationstudies; 5) new object- or fiel d-based verification approaches show promise
for providing more useful information than thetraditional verification methods; observational uncertainty limitshow
well quality can be measured; and 6) additional educational opportunitiesregarding statisticsand verification should
be made avail able through atmospheric science curricula, short courses, and Web-based material.

In support of the CSl project, RTV Swasmodified toinclude verification of temperature, relative humidity, and wind
forecasts. Meteorologistsat the Jacksonville NWS Forecast Officeand at FloridaState University will beusing these
results to determine the usefulness of local-scale modeling on the accuracy of weather forecasts. This ground-
breaking work on the impact of local-scale modeling will help shape the NWS modeling activitiesin the future.

During the IHOP project, statistical resultswere produced by RTV Sfor four high-resolution models. Theimpact of
the LAPS Hot-Start technique was clearly indicated in the standard statistics produced by RTVS. Inaddition to the
standard approaches, an object-oriented approach for diagnosing errorsin precipitation forecasts was implemented
into RTVS(Figure69). Theresultsgenerated using thisdiagnostic approach brought new insightsinto the accuracy
of precipitation forecasts produced by a variety of high-resolution numerical models. For instance, the phase and
orientation errors produced in the forecasts could be clearly identified.

Several verification exercises, supporting the work of the AWRP Product Development Teams, were conducted
throughout the year. Specifically, a convective exercise was held from 1 March-31 October 2002, during which
numerous high-resolution convective forecasts were evaluated over the northeastern United States. Automated
forecasts for convection were compared to human generated forecasts so that the strengths and weakness of each
couldbeevaluated. Throughout the exercise period, feedback wasprovided on RTV Sthrough graphical displaysand
statistics to the algorithm developers and AWC forecasters.

In meeting the needs of the AWC forecasters, graphical displaysdepicting forecasts of turbulence, observations, and
statisticswere devel oped and implemented on RTV Sfor evaluation. Examples of the turbulence displaysare shown
inFigure70; aplanand vertical view of theturbul enceforecasts, PIREPs, and lightning dataare shown onthegraphic.
The graphic is updated in near real time so that the information can be used during the forecast MetWatch activity.

131



FSL in Review — 2003

Figure 70a shows the AWC human-generated forecasts (e.g., AIRMET) and Figure 70b shows the automated
Integrated Turbulence Forecasting Algorithm (ITFA). Forecasters can use these graphicsto distinguish differences
that may occur betweenthetwotypesof forecasts. For instance, the depth of turbulence produced by thetwo forecasts
isquitedifferent, asindicated by thehei ghtsof the solid barsshown onthevertical panelsof Figure 70a/b. Thegraphic
isupdated in near real time and made available to AWC forecasters so that the information provided on the graphic
can be used to update the forecasts as needed.

Projections

The Forecast Verification Branch will continue with real-time objective intercomparison exercises for turbulence,
icing, convection, and ceilingand visibility in support of the AWRP. New verification capabilitieswill be devel oped
for aviation forecastsproduced by the NWS Center Weather Service Units, and supportisongoing for FAA andNWS
activities such as providing input into the development of a national verification program and the WRF numerical
modelingefforts. Inaddition, thebranchwill exploreverificationtechniquesthat addressquestionspertainingtoflight
operations, and participate in developing a verification program for the Graphical Area Forecast; an advanced
graphically produced weather forecast that would be used directly by airline pilots. The RTVSwill be enhanced to
includeadvanced diagnostic verification approachesthat will provideuserswiththeability to partitionerrorsintoerrors
that are associated with the phase, orientation, and displacement of the forecasts as compared to the observations.
Extensive evaluationsof the Forecast I cing Potential (FIP) algorithm and the Current Icing Potential (CIP) algorithm
will becompleted and provided to the FAA/NWS Aviation Weather Technology Transfer Board for itsconsideration
to operational statuswithinthe NWS. Finaly, staff will continueto develop verification tools, through RTV'S, that
provide immediate and useful feedback to forecasters.
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Figure 69. An example of an object-oriented approach to diagnosing errors in precipitation forecasts
(Ebert and McBride 2000). Verification of Eta 12-hour QPF for a precipitation accumulation threshold
of 0.25 inches. The left image is an Eta 12-hour QPF issued at 1800 UTC 12 June 2002 and valid at 0600
UTC 13 June. The right image is the NWS Stage 1V precipitation analysis for the 12-hour period ending
0600 UTC 13 June. Statistical scores are given below.
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M odernization Division

Objectives

The Modernization Division produces functional designs or working prototypes of techniques, workstations, and
systems that may beimplemented into National Weather Service (NWS), or other agency, operations up to a decade
later. The processincludes selecting, tailoring, and implementing advanced techniques and devices produced by the
research and devel opment community, industry, or el sewhere. Developmentsarestateof theart and continually evolve
commensurate with new technol ogical advances, such as D2D (Display Two Dimensional) shown in Figure 71.

The modernization of NWS operations involved the development of a new radar system, an automated surface
observing system, a new series of geostationary satellites and products, and a communications and forecaster
workstation system, the Advanced Weather I nteractive Processing System (AWIPS). FSL hasbeen participating for
yearsin risk reduction activitiesto help the NWS meet its goals in the development and deployment of AWIPS.
The Modernization Division comprisesthree branches:

Risk Reduction Branch — AWIPS support and evaluation

Enhanced Forecaster Tools Branch — AWIPS Forecast Preparation System

Advanced Development Branch — AWIPS system evaluation and enhancement.
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Figure 71. D2D screen showing meteorological information from the RUC model in 2002.
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Risk Reduction Branch
Carl S. Bullock, Chief

Objectives

Work in the Risk Reduction Branch is directed toward helping the National Weather Service (NWS) prepare for
operationsin the AWIPS era. The two focus areas include operation and evaluation of risk reduction activities and
the development of AWIPS. Since NWS announced in 1996 that the FSL -devel oped WFO-Advanced system would
form the core of the AWIPS software to run at all Weather Forecast Offices (WFOs) and River Forecast Centers
(RFCs), the development and evolution of AWIPS has been the primary activity.

Accomplishments

AWIPS Software

The final development of Build 5.2.2 was completed, tested, and installed during 2002. This work concludes the
mandate by Congressto complete theinitial AWIPS system capabilities including interactive forecast preparation,
severe weather reporting, service backup, and radar display functions that replace the WSR-88D Principal User
Position (PUP) displays. Thefirst operational build, OB1, was developed and tested as well.

New datasetswere added in both of thesebuilds. Aircraft reportscan now be decoded and displayed; these messages
report turbulence, icing, cloud layers, winds, temperature, and other parametersimportant to air navigation. Insome
cases, detailed temperature and humidity profiles are obtained from aircraft that are arriving or departing major
airports. With FSL'simplementation of adecoder for synoptic observations, many more reports of surface weather
conditionsareavailable, particularly from other countries. Atmospheric soundingsretrieved by geostationary and polar
orbiting satellites have been added as well. These provide much greater horizontal and temporal coverage thanis
obtained from radiosonde balloons. Numerical weather prediction gridsfor the Great L akes, Atlantic, and Gulf Coast
have been added in support of marine forecasting and navigation.

Animportant additioninBuild 5.2.2 istheintroduction of ensemblenumerical weather predictionmodel grids. These
dataprovidean objectivemethod of dealing withtheuncertainty inherentinweather predictionby generating multiple
solutionsbased ondifferentinitial conditions. Algorithmsto cal culatethemean and standard deviationsof thesefields
have been added to the volume browser menu, which is used to access gridded model data. To accommodate the
volumeof dataanticipated with ensembl es, acompression algorithmhasbeenincludedfor storing andretrieving these
data.

New radar capabilitiesincludedetailedinventories, high-resolution stormrel ativevel ocity, and therotational vel ocity
(Vr) shear functionthat worksinfour-panel mode. Detailedinventoriesallow theuser todifferentiate between multiple
request products such as cross sections or storm relative motions. The system will automatically load aloop of the
particul ar crosssection selected by theuser. Now that high-resolutionvel ocity dataareavail able, acapability hasbeen
added to the AWIPS workstation to calculate storm relative velocity using user input for storm motion. Thisisan
important tool for diagnosing severeweather. TheVr shear functionisanother tool used to diagnose severeconvective
storms. It can now function on four different radar tilts simultaneously so the user can measure how shear in astorm
changeswith height.
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Thevolumebrowser hasbeen enhanced with the addition of two new methodsfor displaying data. Toview somehigh
resolution vertical data, anew viewing option that plotsavariable versus height was added. Users can now plot any
variable (such aswind speed) versusheight. The user can also zoom in on one axisto display the additional detail for
highresolution datasets. Time-seriesplotswereenhancedto allow multipleplotsstacked vertically. Thisisawidely
used method of displaying parametersin adisplay arrangement known asameteogram. Typically thisisdonewith
METAR (meteorological aviationreport) observations, butin AWIPS point forecast datafromthevariousmodel scan
also bedisplayed in thismanner.

During 2002, progress was made on the transition of AWIPS to the Linux operating system. The main task wasto
port certain decodersto Linux in an attempt to offload the HP data servers. The two decoders chosen represent the
greatest volume of data sent over the Satellite Broadcast Network (SBN), the grib decoder, and the satellite decoder.
These decoderswill run on anew preprocessor Linux system where cpu and storage capabilities greatly exceed the
existing HP servers. Another accomplishment involved porting of the Product Maker to the Linux workstation. This
isageneral purpose utility that allowsthe user to define computationsto be performed on gridded or image datawith
the results displayed on AWIPS.

CollaborationwiththeK orean Meteorol ogical Agency (KMA) continued. KM A hasmodifiedan AWIPSworkstation
tousethedatagenerated by theiringest systems. Thesedataincluderadar, surfaceand upper air observations, satellite
imagery, and numerical weather prediction grids. The menu interface to use Korean characters was also modified.
The Korean forecasters visiting FSL received two training sessions on how to use AWIPS in forecasting various
weather phenomena.

Projections

Although the main devel opment of AWIPS concluded with Build 5.2.2, thereisacontinuing stream of additionsand
enhancements that are needed by the operational forecasting community. AWIPS must respond to changesin the
datathat it ingests. For example, the WSR-88D radar isundergoing aseries of upgradesand isableto produce more
detailed products and new products. These developments will be coordinated with new AWIPS builds allowing
forecasters to take advantage of new data as they become available. An example isthe new radar scan strategies
planned for implementation in 2003. The WSR-88D radar can now connect to AWIPS over alocal area network.
Thiswill removesomeof thecurrent limitationsand makesit possibl eto replacetheexisting dial up network, eliminating
substantial telecommunications expense. NESDI'S continues to generate new products from satellites. GOES high
density winds and QuikScat wind retrievals will be added into AWIPS during the next year. The National Centers
for Environmental Prediction (NCEP) continues to produce more detailed numerical weather forecasts. The Eta
model currently outputsinformation at 12-kmresol ution, whichwill requiremodificationsin AWIPSto accommodate
these more detailed fields.

During 2003, continued collaborationwiththeK oreaM eteorol ogical Administration andthe Taiwan Central Weather
Bureau will focus on nowcasting tools, particul arly those that use radar data.
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Enhanced Forecaster Tools Branch
Mark A. Mathewson, Chief

Objectives

Thefocusof the Enhanced Forecaster ToolsBranchisthe devel opment of the Interactive Forecast Preparation System
(IFPS). Inconsultationwithaworking group of National Weather Service(NWS) weather forecastersand partnership
withtheNW SM eteorol ogical Devel opment Laboratory, staff aredesi gning and buil ding thegraphical forecast support
system for AWIPS. A basic NWS concept driving the design of the IFPS is that NWS forecasts will no longer be
text-based, but instead will be based on a suite of grid-based digital data. The forecaster will be responsible for the
creation and maintenance of adigital database containing all forecast elements over a 7-day forecast period. |FPS
permitsforecastersto spend the bulk of their forecast shift focusing on meteorol ogy rather than typing text products.
At each office, ateam of forecastersinteract with the database by applying tools that manipulate the gridded datain
meteorologically meaningful ways. Once the forecast is complete, this weather forecast information can be
communicatedinavariety of waysranging fromautomatically formatted text productsto simpleimagesthat represent
a particular weather forecast element to a highly interactive user interface in which customers query the forecast
database to get precise information.

Accomplishments

Thebranch concentrated on four devel opment tasks of the advanced | FPS: enhancing the capabilities of the Graphical
Forecast Editor (GFE), developing field customizable text products, developing the Daily Forecast Critique (DFC),
providing forecaster training, and providing | FPSfield consultations and support.

Enhancing the Graphical Forecast Editor — The GFE provides tools for the forecaster to view and edit grid fields
that capture the essential information needed to generate a variety of forecast products. Productive interactions
between field forecastersand devel opers prompted numerous enhancementsof the GFE graphical user interface, GFE
Inter-Site Coordination (1SC) capabilities for coordinating forecasts between NWS offices, and scripting and other
capabilities. Smart toolswerewritten to aid the forecaster in comparing differences between their forecasts and their
adjacent site'sforecasts. ThelSC facility (Figure 72) has been enhanced so that the forecaster can now usetoolsthat
takeinto account datafrom neighboring forecast offices. Thesetool senhancetheforecaster'sability tomaintainspatial
consistency between adjacent offices. An enhanced Temporal Editor now displays the range of values, giving
forecasters more information about how the values vary over any region they specify. The new interactive query
interface provides a much more flexible way to define areas of interest based on forecast datavalues. Thiswill help
forecasters create forecasts that are better coordinated among physically related weather elements. Three versions
of the GFE were delivered to the NWSfor inclusion in the new AWIPS Rapid AlphaProcess (RAP), IFPS10, 11, and
12. Seven major and five minor revisions of the Rapid Prototype Process (RPP) software were provided to RPPfield
sites for focused testing on particular areas of the GFESuite, such as text product formatting.

Developing Field Customizable GFE Text Products — During 2002, the NWS asked the branch to develop a set of
locally customizabl etext formattersof operational quality. Thebranch createdtheinitia infrastructureand "first-look”
versions of the 10 products required for the IFPS Initial Operating Capabilities. The products range from tabular
summaries and coded tablesto narratives, and cover the public, marine, and fireweather servicesinthe NWS. Using
the RPP software approach, the branch worked with 15 field officesand provided 7 software rel easesto these offices
for the express purpose of arriving at an initial text formatting infrastructure, which was completed by spring 2003.
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Developing the Daily Forecast Critique — Last summer, the EFT branch released the initial version of the Daily
Forecast Critique (DFC, Figure 73), adatavisualization packagethat, for thefirst time, allowsforecastersto compare
their digital forecaststo observations measured at the surface. DFCincludesadataarchivingfacility that permitseach
siteto archive surface observations asfar back as several months, greatly extending the current AWIPS limitation of
36 hours. The system archives previous forecasts as well, both model-based and human generated, providing arich
data set with which forecasters can determine where their forecasts deviate from observed conditions. Forecasters
view these point-based datasets with the DFC Viewer, which plotsthese datain time-seriesformat. Theflexibleway
inwhich the datacan be plotted allow forecastersto investigate many attributes of forecasts such asdirect comparison
between variousmodels, determining trendsover subsequent model runs (dProg/dt), and examining error asafunction
of forecast leadtime. Futurework includesprovidingthecapability to comparegridstogridsrather than points, routinely
generating statisticsto determine model and official forecast bias, and tool sto apply these statisticsto the new forecast
to remove these biases, thus improving the forecast.

Providing Forecaster Training — The branch held three hands-on workshops and reached virtually every NWS
office. Approximately 140 NWS forecasters and |FPS focal points attended the workshops. The intensive 3-day
workshops covered advanced concepts of GFESuite (such as writing smart tools), creating smart initialization
algorithms for model processing, and writing text formatters. The format of these workshop sessions ranged from
lecture to interactive hands-on sessions, where forecasters performed exercises to familiarize themselves with
technical aspects of GFESuite. Open discussion sessions provided a chance for forecasters to share ideas, suggest
improvements, and discuss particular forecast problems. Forecaster feedback about these workshops was very
favorable.

Figure 72. Forecasters utilize
displays like this one to compare
and reconcile spatial differences
between their forecast and those
of adjacent sites.
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Providing IFPS Field Support — The NWS maintains three IFPS-related listservers for the field to discuss issues,
find solutions, and interact with the developers. The branch makes good use of the listservers to the benefit of the
forecastersandfocal pointshy providing quick turnaround to questions, tipson better use of the software, and bothfield
troubleshooting aswell asfocal point consultations. During 2002, every forecast office spun up GFE operations.

Projections
During 2003, NWSofficeswill completethetransitionto GFE and | FPS operations. Thisisamajor milestonethat could
only have been achieved through collaborative efforts between FSL and the NWS Meteorological Development

Laboratory, and many person-years of development time.

All of the support, enhancements, and training arein preparation for the | FPS Operational Readiness Demonstration,
planned for June 2003, and the IFPS I nitial Operating Capabilities (I0C), planned for September 2003.
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Figure 73. A screen showing the Daily Forecast Critique, which allows forecasters to compare their digital
forecasts to observations measured at the surface.
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Advanced Development Branch
Carl S. Bullock, Acting Chief

Objectives

TheAdvanced Devel opment Branch endeavorsto keep the National Weather Serviceabreast of advanced technol ogy,
particularly with regard to how it can be effectively utilized in forecasting systemsrel ated to the operational AWIPS.

Accomplishments

Considerable effort was spent investigating alternative approachesto the Configuration Management system used in
AWIPS. The current system has many drawbacks and is not well suited to a rapid development cycle. AWIPS
program managershad expressed adesiretofollow amuch shorter devel opment cycle, ontheorder of 2 monthsversus
the current 6 month paradigm. In surveying the market for potential tools, Extraview and PerForce appeared to have
theright combination of flexibility, support for multiplesourcetrees, and other requiredfeatures. Weworkedwiththese

packagesto put together ademonstration system for anew configuration management approach. Unfortunately there
wasn’t enough time to compl ete the demonstration.

Projections

L ack of funding necessitated reassignment of staff inthisbranchtoother divisionswithinthelaboratory for Fiscal Y ear
2003.
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I nternational Division

Dr. William B. Bendel, Chief

(Supervisory Physical Scientist)
303-497-6708

Web Homepage: http://www-id.fsl.noaa.gov

TravisAndersen, Systems Analyst, 303-497-6710
Dr. Renate Brimmer, Project Manager, 303-497-6718
Dr. Wayne Fischer, Physical Scientist, 303-497-6759
SylviaN. Hasui, Secretary Office Automation, 303-497-6709
Y oon Jung L ee, Guest, 303-497-5265
Vivian A. LeFebvre, System Administrator, 303-497-6721
Sean Madine, Technical Project Lead, 303-497-6769
Dr. Fanthune Moeng, Project Manager, 303-497-6065
Maureen Murray, Computer Graphics Expert, 303-497-6705
Seung Kyun Park, Guest, 303-497-4260
Robin Paschall, SystemsAnalyst, 303-497-6632
Evan Polster, Systems Analyst, 303-497-6778
JohnPyle, SystemsAnalyst, 303-497-6724
David Salisbury, SystemsAnalyst, 303-497-6753
Byung Hyun Song, Guest, 303-497-5265
Jean Tomkowicz, ITSPolicy and Planning, 303-497-6706
Michael Turpin, Technical Project Manager, 303-497-6756
Dr. Ning Wang, Senior Systems Analyst, 303-497-6704
Ali Zimmerman, SystemsAnalyst, 303-497-6736

(The aboveroster, current when document is published, includes government, cooperative agreement, and
contract staff.)

Address:

NOAA Forecast Systems Laboratory —Mail Code: FS7
David Skaggs Research Center
325 Broadway
Boulder, CO80305-3328
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International Division

Objectives

The International Division's mission isto oversee internal development of systemsintended primarily for global or
international application and to facilitate international cooperative agreements and technology transfer programs.
Supportisprovided for thefollowing major activities:

* The Global Learning and Observations to Benefit the Environment (GLOBE) Program — GLOBE is an
international environmental research program that linksthe efforts of students, teachers, and scientists. Students
at schools around the world monitor awide variety of environmental parametersthat are regularly posted on the
GLOBE Webhsite. This provides a unique global database of atmospheric, soil, biologic, and hydrologic
measurements availabl e to researchers for a multitude of experiments.

» The CWB Technology Transfer Project —FSL'slongest standing cooperative project isthe Technology Transfer
Project at the Central Weather Bureau (CWB) of Taiwan. Since 1990, CWB-FSL activities have created joint
mutual benefits, especially cooperation intheareasof information systems, dataassimilation and modeling, high-
performance computing, and observing systems.

 The Korean Meteorological Administration (KMA) Project — The International Division is under agreement
with the Meteorological Research Institute (METRI) of the Korean Meteorological Administration (KMA) to
design a nowcasting system based on FSL's WFO-Advanced meteorological system, support startup and
operation, and implement atraining program for forecaster systems and operations staff.

» The FX-Net Program — FX-Net is designed as an inexpensive, PC workstation system for use in a variety of
forecast, training, education, and research applicationsnot requiring thefull capabilitiesof aWFO-Advanced type
system.

» The Wavel et Data Compression Initiative— The Wavel et Data Compression initiative was established to further
investigatethepossibility of using thetechnol ogy for other meteorol ogical datasets. Comparedtoimagery datasets,
model datasetsusually havehigher numbersof dimensions, but each dimensionisof muchsmaller size. Therefore,
special treatments are needed to exploit the correlation among al dimensions.
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The GLOBE Program
Michael Turpin, Project Manager

Objectives

Established in 1994, GLOBE is implemented through bilateral agreements between the U.S. Government and
governments of partner nations. The goals of this education and research program are to increase environmental
awareness of people throughout the world, contribute a better understanding of the earth, and help al students reach
higher levels of achievement in science and mathematics. Under the guidance of their teachers, students worldwide
collect environmental data around their schools and post these findings on the Internet. GLOBE scientists design
protocols for measurements (Figure 74) that are simple enough for K-12 students to perform, and are also useful in
scientific research. As scientists respond to the major environmental issues of today, laboratory and classroom
collaborationwill help unravel how complex interconnected processesaffect theglobal environment. Y earsof student
datacollectionhaveresultedinasignificant contributionto science. GLOBE'suniqueglobal database holdsmorethan
9millionstudent measurementsof atmospheric, soil, land cover, biological, hydrological, and phenological data, all of
whichareuniversally accessibleontheWeb for research. Sinceit wasinitiated, the GLOBE Program hasgrownfrom
500 U.S. schoolsin 1995 to more than 12,000 participating GL OBE schoolslocated in 101 partner countries today.

Thelnternational Divisionisresponsiblefor thedevel opment and mai ntenanceof themain GLOBE Website(excluding
datavisualizations), real-time GL OBE dataacquisitiontools, the central GLOBE database, and themirrored GLOBE
Web and database systems.

-

b

Figure 74. GLOBE students conducting hydrology measurements.
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Accomplishments

Useof the GL OBE Wehsite continuesto grow innumber, location, and humandiversity. Thisistheprimary sitewhere
sciencestudentsgoto enter their dataand collaborateon avariety of projects, wherethe public goestolearn moreabout
the program, and where users go to accessthe GL OBE database. Keeping theinterests of the usersin mind, the Web
devel opersredesigned thissite (incorporating constructive input from GL OBE Headquarters) to make the homepage
cleaner and the overall site easier to navigate. Students and teachers are guided through introductory information by
clickingonthe"GLOBE SchoolsLog-in" link. Thosebeingintroducedtotheconceptsof GLOBE canquickly findmore
informationviathe"Learn About GLOBE" link, and repeat users, such asscientistsand othersinthegeneral community,
simply "Enter the Site." The overall appearance of the site was changed to blend consistently with the homepage.

In looking at ways to improve site performance and keep abreast of recent technology, the GLOBE team explored
implementation of J2EE components (Java Servlets and Java Server Pages) into the site. Asacase study, all of the
content-rich pagesof thesitewereimportedintothedatabase, codewasdevel oped that dynamically requested content,
and then the Webpage was built through the Tomcat Servlet Container. The Oracle large object (LOB) support was
examined to seehow more content could beadded into the central database. The GL OBE student investigation reports
are now stored in CLOB columns (character large objects, ideal for large text strings) in the database.

The GLOBE dataacquisition code base is contantly growing so that students, teachers, and researchers can continue
to collect new datasets. GL OBE students can send their dataviaWeb formson thevery interactive site or viaan email
message (typically used by schoolswishing to report alot of dataat once). In 2002, tasksinvolved developing code
for acquisition, processing, and storage of data from a digital multiple-day or single-day maximum/minimum
thermometer, hummingbird observations (thefirst protocol to study animals), and phenological gardens.

Inview of GLOBE's strong international roots, the GL OBE team is committed to having the Website translated into
thesix United Nationslanguages, and withinterest showninnon-UN languages, thesearebeing accommodated aswell.
In addition to Dutch and German translation accomplishments, a Japanese coordinator has begun translating the
GLOBE site into Japanese —thefirst Asian language. It isrewarding to participatein tasks related to displaying the
first data entry pages in Japanese and foresee their completion in the coming year.

A separate, nonpublic Website allows GL OBE Headquarters staff in Washington, D.C., GLOBE partner groups, and
country coordinatorsto track GL OBE workshop participation, school contact information, school reporting rates, etc.
New interfaces were designed so that GL OBE partners can select and specify trainersfor their own workshops based
on the prospective trainer's experience and qualifications (for specific protocols), availability, and location. This
information onthetrainersismaintained at Headquartersal ong with another set of interfaces. The FSL GLOBE team
enhanced and rel eased a Web-enabled database query tool that allows Headquartersto ook at any of the data stored
in the central database without needing to know any database query languages such as SQL.

When running an operational system, the back-end systemsreguire constant maintenance and upgradesto help ensure
that they stay highly available and are kept current with the latest software technologies. Another accomplishment
involved moving asignificant fraction of our software and database filesto a NetApp filer to centralize data storage
andtoimprovel/O performance. Takingadvantageof the" snapshotting" capability of thefiler, weincreased theuptime
of the database for backups, and shifted from cold to hot backups so that the database does not need to be shut down
as often aswas required in the past. The Oracle database was upgraded from version 8i to 9i to enable the addition
of more new features to the Website.
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TheWeb serversal so needed attention sinceall of our nonvisualization Web serversnow operate on Linux platforms.
Furthermore, the GLOBE training server that accommodates teachers at workshops uses a database that also runson
Linux. The German GLOBE Program wasfully supported by helping them movetheir legacy GLOBE mirror server
toanew platform. Thisoperational mirror server can now run the entire Website, including the current visualization
system. Though schoolsin Germany and the contiguous countries predominantly use the mirror, they may decideto
convert this mirror to afailover for the mirrorslocated in the United States (FSL and NASA/Goddard Space Flight
Center).

Projections

During 2003, thedevel opment taskswill continuecommensuratewith theevol utionand growth of the GL OBE Program,
asfollows.

When the GLOBE science and education releases a GL OBE 2003 Teacher's Guidein the spring, many new protocols
will be added. These include contrail observations, fire fuel ecology, ground surface temperature, freshwater
macroinvertebrates, bird and seaweed phenology, and various modifications to the hydrology and land cover
measurements. GLOBE staff will also continue encouraging schools to use automated data logging devices from
providerssuchasHOBO, Davis, and AWS/WeatherNet. Withapotential for the daily dataingest to grow by asmuch
asafactor of 100 dueto the 15-minuteincrement reports, stepswill be taken to ensure proper storage handling for the
additional data. A primary undertakingwill beto completethework toaccommodatethenew protocolswhichwill allow
entry of these new datasets.

The GLOBE Websitewill continueto beimproved and made more user-friendly. Randomized "smartinfo" (e.g.,"A
GLOBE school in Sydney, Australia, reported the same temperature and humidity you reported on thisday.") will be
added to data entry verification pages to help ensure data quality while making the data entry process less repetitive
to students. Another planisto devel op aninterface whereby schools can upload images (such as datagraphs and site
photos) directly to the Wehbsite, at which timethey could be approved before they are posted. Now isan appropriate
timeto redesign the "administrative" Website from the ground up. Y ears ago this site was designed for two or three
users, but today its use is much more widespread — about 300 users in the large GLOBE partner community.

The mission-critical GLOBE database will continue to be modified and maintained as more data (quantity and type)
are ingested from additional participating schools. With the upgrade to Oracle 9i software, spatial queries will be
developed that help to improve visualizations by making them more Gl S-capable. Also, with more complete XML
support in Oracle 9i, GLOBE developers will need to familiarize themselves with the new version. Building on
successful tests of migrating Website content to the database, the content will be placed into the operational database
to centralize content management and make authoring and editing easier.
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Central Weather Bureau of Taiwan Technology Transfer
Fanthune Moeng, Program Manager

Objectives

FSL’s collaboration with the Central Weather Bureau (CWB) of Taiwan has been a 13-year success story in
technology transfer of weather forecasting applications. The CWB and FSL partnership hasgrown to include major
initiativesfor improving CWB forecasting capabilities. Together they have devel oped a series of PC-based forecast
workstations, and the latest one —the Weather Information and Nowcasting System (WINS) —is now operational at
the CWB Forecast Center. The system was incorporated into the CWB central facility including data sources,
communi cation, preprocessing, and product generation. WINS providesdataand productsto outsideusers, including
two universities, the Environmental Protection Agency (EPA), and the Taiwan Hydrology Bureau.

Thestrong forecastinginfrastructurethat hasbeenbuilt at CWB includesgreater datacollection, improved observation
systems, high-performance computing, and efficient management capabilities. CWB is positioned to generate new
and more useful forecast products and take advantage of the more powerful techniques under development at FSL
and other NOAA laboratories. The effectiveness of the CWB-FSL cooperation is based in large part on CWB'’s
willingness and ability to devel op and use customized productswith associated technical support. FSL’smandateto
provide useful technologies fitswith CWB’ s real-world forecasting needs.

Accomplishments

In meeting the goalsto improve forecasting capabilities at CWB during 2002, three major tasksinvolved:
 Loca Analysisand Prediction System (LAPS)
* Forecast Assistant System (FAS)
« Continuing interaction on earlier cooperative projects.

Local Analysis and Prediction System— The latest L APS software code, run on Linux PCs, was delivered to CWB
in December 2002. Thissoftwareincludesanimproved cloud and precipitation analysispackage aswell astheMM5
model withtheHot Start code. Thenew dataincludevisibledatafromthe GM S satellite and multipleradar data(both
Level Il and Level 111) from al four CWB Doppler radars at Wu-Fen-Shan, Haulien, Chi-Ku, and Kenting. FSL
continued to improve the real-time LAPS running on systems at CWB and to provide support to CWB on the daily
running of Taiwan's LAPS system. Last December, FSL also provided LAPStraining at the CWB Forecast Center,
working with forecasters there to define the CWB nowcasting procedure and use of the LAPS analysisfield aswell
astheforecastfields. A scientist from Taiwanvisited FSL for most of 2002to hel p definethe Taiwan Hot-Start MM 5
domain. Thisvisitor worked to stabilize the Hot Start scheme with improved cloud analysis for Taiwan, and to test
itsapplicationunder tropical cyclonecaseswithabogustyphoon position. Moredetail ontheL APSanaysis(example
shown in Figure 75) and training materials can be found at Webpage http://laps.fs.noaa.gov.

Forecast Assistant System—Through this project, support continued toward upgrading CWB'sWINSI| system. FSL
provided an upgraded AWIPS Build 5.1.2 with the upgraded GFESuite (Graphical Forecast Editor) software. FSL
also provided D3D softwareto CWB for further eval uation and customization. Last October, FSL's Technical Lead
for GFESuitevisited CWB toprovideextensivetrainingtofour forecastersontheuseof GFESuite, includingthespatial
and temporal editors, grid manager, and the necessary stepsrequired to create and execute smart tools. They worked
with two developersfrom CWB, answered questions about GFESuite software, including the latest verion (RPP18),
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and provided training on the use of Python for developing smart tools. A lesstechnical seminar was presented to the
CWB genera audience on the functions and use of GFESuite.
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Figure 75. A LAPS analysis of surface wind and temperature at 0400 UTC on 17 June 2003 over the Taiwan
Central Weather Bureau domain.
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Continuing Interaction on Earlier Cooperative Projects — Interactions continued between CWB and FSL on
earlier cooperative projects. FSL provided relevant documentson thefollowing topics: 3DV AR (three-dimensional
variational dataassimilation), RUC20 (the20-km version of theRapid Update Cyclemodel), FX-Net component, and
FX-Connect (FXC) software and user guide. (For more information on FXC, refer to http: //mww-sdd.fsl.noaa.gov/
FXC UG/FXC UG TC.html.)

Projections
During 2003, the FSL-CWB joint team will focus on four ongoing tasks, asfollows:
« Activitiesrelated to the Local Analysis and Prediction System (LAPS)
» Development of a Warning Decision Support System (WDSS)

» Enhancement of CWB's current forecast workstation, WINS, including a new system called SCAN (System
for Convective Analysisand Nowcasting), whichwill provideshort-rangeforecastsof precipitationfrom remote-
sensor observations

« Interactions on earlier cooperative projects.

LAPS—FSL will focus on the 0-12 hour forecast, using the Hot Start implementation as part of CWB operationsto
ensuregood cloud analysiswithfull radar coverage. TheHot Start techniquewill beapplied using thebalanced LAPS
analysisonaforecast model for the Taiwan L APSdomain. L APStrainingandtechnical supportwill beprovided during
the LAPS Hot Start runs at CWB.

WDSS—NOAA/NSSL will lead the effort of the devel opment of awarning decision support system for CWB. NSSL
will focusonrefiningtheVflomodel, enhancement of QPE-SUM S, and radar datacommuni cation assistance. NSSL
will also continue to assess and perform field testing to identify real-time simulation issues and further operational
needs. Refinementswill bemadetotheVflomodel, includingimprovementsinthemodel physicsand product display,
the addition of new parameters, and the incorporation of improved GI S reference data.

WINSII/SCAN — FSL and CWB will collaborate to devel op a strategy for the short-range forecasts of precipitation
from remote-sensor observationsusing statistical extrapolativetechniques. FSL will al so support CWB intheporting
of SCAN codetoWINSII. Theinitial SCAN component will haveaseriesof severeweather detectionand prediction
algorithms plus data integration techniques for CWB forecasters to use during severe weather warning operations.

Interaction on Earlier Cooperative Projects— FSL will provide technical support to CWB on GFESuite, D3D, and
FX-Collaborate (FXC) software customization, so that CWB can include these components as part of WINSII.
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Korean Meteorological Administration Forecaster’'s Analysis System
Fanthune Moeng, Project Manager

Objectives

The International Division is under agreement with the Meteorological Research Institute (METRI) of the Korean
M eteorol ogical Administration (KMA) to designanowecasting system based on FSL’ sWFO-Advanced meteorol ogical
system. The development of an integrated workstation, the Forecaster's Analysis System (FAS), is the capstone of
years of modernization at the KMA to provide better weather information to itscitizens. The cooperative effort will
be carried out by researchers and engineers from both organizations.

Accomplishments

In meeting the goalsto improve forecasting capabilitiesat KMA during 2002, four major tasks were compl eted:
» Upgrade of the FAS nowcasting system
* Implementation of the Local Analysisand Prediction System (LAPS)
* Implementation of the Mesoscale Analysis and Prediction System (MAPS) Surface Analysis System (MSAYS)
quality control and monitoring system
* Provision for forecast training and risk reduction.

Upgrade of the KMA Nowcasting System — The FAS became operational at KMA and was also deployed at six
Regional Officesin July 2002. A KMA visiting scientist worked with FSL staff to upgrade the FAS to the AWIPS
5.2.2Build, andincorporated K orean menu changes (Figure 76) and necessary unit conversion changesto MK Sunits.
FSL provided KMA withthe AWIPS5.2.2 Build, which isthelatest and the last development version. Thisversion
has many new features and improvements, such as the ability to customize the AWIPS MSAS analysis to different
localizations.

Implementation of the Local Analysis and Prediction System — Over the past five years, KMA scientists have
adopted three-dimensional analysissoftware developed from LAPS. Thegoal of thistask wasto implement thelatest
FSL/LAPS Il analysis as an integral part of the KMA nowcasting system (FAS) so that forecasters could access
LAPSII productsthrough asingledisplay system provided by FAS. Thediabaticinitialization capability (Hot Start)
has been incorporated into LAPS to perform dynamic bal ance adjustment.

Regardingthe Korean LAPS (LKAPS), thelatest LAPSI1 softwareisrunning every hour, and the FAS devel opment
teamistesting theintegration of KLAPSwith FAS. (Moredetailed L APSanalysisinformation and training materials
can be found on Website http://laps.fsl.noaa.gov/.)

MAPS Surface Analysis System Quality Control and Monitoring System— M SAS provides accurate quality control
(QC) for surface observations, plustimely and detail ed gridded fields of surfacevariables. The AWIPS5.2.2 version
of MSAS hasthe latest implementation, including configuration files so that KM A can implement this QC software
using KMA's surface observation data. With the assistance of FSL staff, aKMA visiting scientist was ableto build
and correctly install all of the AWIPS softwareincluding M SAS softwareat FSL. FSL staff al so verified thetest data
from KMA, properly ran the MSAS with these data, and produced the correct outputs.

Forecast Training and Risk Reduction—During 2002, FSL hosted atraining session for six KMA senior forecasters.
Extensivetraining was provided on AWIPS, including case studies, demonstration and i ntroduction of the Graphical
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Forecast Editor (GFESuite), MSAS QC, LAPS, FX-Collaborate (FXC), D3D, NOAA Profiler Network (NPN), and
the GPSnetwork; supercomputer, hydrological applications, and WRFintroduction. They alsovisited awind profiler
at Platteville, Colorado, and the Boulder Weather Forecast Office (WFQO), and participated in FSL daily weather
briefings. One of the KMA visiting scientists wrote a paper titled "FAS: An International Version of AWIPS" and
presented it at the Annual Meeting of the American Meteorological Society (AMS).

Projections

During 2003, the FSL/PG-NOW team will focus on four tasks: development of nowcasting techniques, QC and
standardization of domestic remote sensing data, enhancement of the FAS, and implementation of the Automation
of Forecast Preparation System (AFPS).

FSL staff will continueto train KMA forecasterson using the FAS, evaluate the proficiency of theseforecasters, and
identify areasfor further training. FSL will work closely with KMA forecastersin devel oping their workstation skills
and understanding of workstation useduring variousmeteorol ogical events. Inparticular, casestudieswill bereviewed
in order to determine which meteorological fields enhance forecaster understanding for nowcasting and forecast
purposes.

FSL and KMA will develop an Automation of Forecast Preparation System (AFPS) based on the AWIPS GFESuite
software application. GFE isagraphical forecast support system used by NWSforecasterstoimprovetheefficiency
of generating forecasts. A goal of the AFPSisto minimizeforecast preparation timeand to maximizetheforecasters
ability to interact with the data, thus allowing more time to focus on the science of forecasting.

Figure 76. Example of an FAS
display with the Korean menu
user interface.
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FX-Net Program

Renate Brimmer, Project Manager
Objectives

The FX-Net program was established to devel op anetwork-based meteorol ogical workstation that provides accessto
the basic display capability of an AWIPS workstation viathe Internet. The design goal wasto offer an inexpensive
PCworkstation systemfor usein avariety of forecast, training, education, and research applications not requiring the
full capabilities of a WFO-Advanced type system. Although designed primarily for Internet use, FX-Net will also
accommodate |ocal network, dial-up, and dedicated line use. The system consists of an AWIPS data server, an FX-
Net server, and a PC client. The FX-Net server isamodified AWIPS workstation. The server islocally mounted
nexttotheAWIPSdataserver viaahigh-speedlink. TheFX-Net client sendsrequestsfor small-sized product requests
viathe Internet to the FX-Net server, which responds by sending the productsto the client. The user interface of the
FX-Net client closely resemblesthe AWIPSworkstation user interface, except for reduced resol ution and complexity
toallow for rapidInternet response. Someof the FX-Net client functionality featuresincludeload, animation, overlay,
toggle, zoom, and swap. Although the client Javaapplication can be run on anumber of standard PC platforms, the
system performs best under Windows NT, Windows 2000, or Windows XP. The minimum client hardware
configuration consists of a 500-MHz processor with 256-MB memory. Internet bandwidth down to 56 kbps is
considered sufficient to transmit FX-Net products.

TheavailableFX-Net productsarecategorizedintofour groups: satellitedata, model graphicsand observations, radar
imagery, and model imagery. Wavelet transform is used to compress model and satelliteimagery. The application
of thisrelatively new compression techniqueis critical to the success of delivering very large-size imagery viathe
Internet in areasonable amount of time. The small loss of fidelity in the imagery isacceptablein exchangefor very
highcompressionratios. Processing timecan befurther minimized by pregenerating and compressingall satellitedata
on the FX-Net server side. In contrast to the satellite imagery, the radar imagery is encoded in a standard lossless
image compression format (GIF) and the small-sized model graphics are represented in a standard vector graphics
format.

Accomplishments

For thelast few years, FX-Net had been supporting the AIRM AP (Atmospheric I nvestigations, Regional Monitoring,
Analysis, and Prediction) Program. As anewly established Cooperative Institute between the University of New
Hampshire (UNH) and NOAA, AIRMAP focuses on the long-term monitoring and forecasting of air quality
parameters such as nitrogen oxides, sulfur dioxide, carbon monoxide, and low-level ozone. These pollutants can be
hazardousto human health and other organismswhen present in thelower atmosphere. Many of these chemicalsare
theresult of burningfossil fuels, and areresponsiblefor New Hampshire’ shighlevelsof acidrain. Theprimary mission
of AIRMAPIstodevel op adetailed understanding of climate variability and the source of persistent air pollutantsin
New England. The availability of areal-time display workstation like FX-Net is very important to the program’s
success. The FX-Net team modified the existing real-time meteorol ogical workstation by adding air quality-related
datasets to the ingest and display system. A new FX-Net/AQ client was successfully released in July 2002, just in
time to support the real-time forecasters who participated in the NOAA New England Forecasting Pilot Program:
High-Resolution Temperature and Air Quality (TAQ) field experiment during the summer of 2002. AIRMAP was
part of the TAQ field project.
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The new FX-Net/AQ datasets include six parameters (O,, CO, NO, NO,, SO,, and condensation particles) that are
continuously measured at three UNH sites (Mount Washington, Castlein the Clouds, and Thompson Farm) located
in the state of New Hampshire (Figure 77). The FX-Net/AQ user aso has accessto the datafrom 13 wind profilers
recently installed across the New England states. In addition, hundreds of new meteorological surface observation
data, fixed buoy records, and ship measurements are available on the latest FX-Net menu. On the continental U.S.
scale (CONUS), FX-Net displays the hourly average of the national EPA low-level ozone data. The FX-Net team
isstill working on theingest and display of the MM5 air quality model, and once thistask is completed FX-Net can
truly becalled a"rea-timeair quality workstation."
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Figure 77. University of New Hampshire air quality measurements (lower right) using FX-Net.
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The National Interagency Fire Center (NIFC) requested (in 2001) that FX-Net be modified to permit its use asthe
primary real-time meteorological workstation by fire weather forecasters at NIFC and at the Geographic Area
Coordination Centers (GACC). The plan called for the FX-Net workstation to be used during the 2002 fire season
on an experimental basis, with the FX-Net server located at FSL in Boulder. If the workstation was accepted by the
fire weather forecast community at NIFC and GACC offices, the agreement called for the introduction of an
operational solution for the 2003 fire season.

The FX-Net team added avariety of new functionsto the FX-Net client with the goal s of making additional products
availableto thefireweather community and adding new user-friendly toolsto theclient. One of the outstanding new
datasetsisacomplete text browser that allowsfor the display of alarge number of National Weather Service (NWS)
forecast and discussion products. Additional new tools alow for the export of products displayed in the primary
window, preference client settings rather than former changes to the configuration file, and the change of contour
intervalsfor displayed model products. Another additionto FX-Netinvolvestwo special display scales, theNorthern
Rocky M ountainsand Southern Rocky M ountains, used for viewing high-resol ution satel liteimagery inareaswith high
potential for wildfires.

' . .Hayrnan F_lm

I R ES o
r!‘.\.:._‘_“". e

— ] AN

—-a

Figure 78. FX-Net display in the GACC map room at Lakewood, Colorado.



International Divison — FX-Net Program

Asisnow well documented, the 2002 fire season was one of theworst ever recorded for many states. The operational
demand by NIFC and GACC forecastersfor compl ete sets of meteorol ogical productswas paramount to support the
issuance of the best possibledaily forecasts. Inresponseto the high operational tempo and requirements, the FX-Net
team pursued every possibility toimprovethereliability of all components of the systeminvolved inthe FX-Net data
stream. Hardware was exchanged with newer systems, data streams rerouted, and multiple backup systems were
installed. By theend of July, asignificantimprovementinreliability of theFX-Net-rel ated systemswasachieved, with
reliability exceeding 98%.

Thenew list of fireweather products, the new functions added to the client, and the significant increasein reliability
made FX-Net atruly functional fire weather forecaster workstation. It also resulted in very positive feedback from
the NIFC management as well as from the GACC forecaster community.

Projections

University and Research — During 2003, the FX-Net team will continue to operate and maintain a system to support
university meteorol ogy classesand meteorol ogical research at Plymouth State Collegein New Hampshire, University
of New Hampshire, University of Northern lowa, and Colorado State University.

Real-time Air Quality Forecast Workstation — FX-Net will increasingly focus on adding products to support real-
timeair quality forecasting.

Fire Weather Forecasting — Since FX-Net has become the primary meteorol ogical workstation to support the fire
weather forecastersin all national GACC offices and the NIFC headquartersin Boise, |daho, many special products
and functions will be added to the system as part of ID's continued support.

NWS: Western, Southern, Alaska, and Pacific Region — Early in 2003, four complete FX-Net systems will be
installed at four NWS Regional Headquarters to support Incident Meteorologists (IMETS) in the field aswell asto
provide remote data collection offices with AWIPS-like products.

Additional information onthe above FX-Net activitiesisavailable on the International Division homepage
(http://mww-id.fsl.noaa.gov).

155



FSL in Review — 2003

The Wavelet Data Compression Initiative
Renate Brimmer, Project Manager

Objectives

After successfully applying the wavelet data compression technique to satellite imagery, the Wavelet Data
Compression initiative was established to further investigate the possibility of using the technology for other
meteorological datasets. Compared to imagery datasets, model datasets usually have higher numbersof dimensions,
but each dimensionisof much smaller size. Therefore, special treatmentsare needed to exploit the correlation among
all dimensions. A multidimensional dataarrangement and transform schemehavebeen devel opedto accommodatethe
special features of the model dataset. An experimental encoder and decoder package has been implemented to test
various datasets with different standard waves and different posttransform compression algorithms.

Accomplishments

During 2002, much effort was dedicated to improving the exi sting wavel et compression code with thegoal to achieve
even higher compression ratios. The routine was also rewritten to improve its run time, an important aspect for all
operational applications. A major milestonewas achieved with theintroduction of the so-called " precision-control,"
which allows usersto define the acceptable maximum or average error for the compressed and reconstructed dataset.
Extensive studies were conducted using the original Eta-12 forecast model (14 May 2002 1200 UTC run). For a
predefined maximum temperature error of lessthan 0.125° K, this compression scheme achieved compression ratios
from 17:1 (for the 1000-mb level) up to 80:1 (for the 100-mb level). The average compression ratio for this dataset
was 50:1 (Figure 79).

Theaverageerror reflectsthe overall quality of thereconstructed data. Inthisexample, the average error wasnearly
an order of magnitude smaller than the predefined maximum error. Thislarge difference between the maximum and
the average error means that most of the grid points in the reconstructed field show an error much smaller than the
defined maximum error.

Compression ratios for temperature fields at different
levels, with maximum errors below 0.125 degree K Average error for temperature fields at different levels (Eta12model)
- 0.05

= o —r T R I T T T T T -
‘new lempopratio” —+ new temp.avgen ¥
0.045
80+ 4 0.04
0.035 |
E .
E wl ~+ " R 1 0.03 |
H g 0.025
025 |
i £ :
% 40 \ ooz | e e
0.015 |
20k 4 001 |
0.005 |-
0 . \ " . . \ \ 0 1 L n L .
100 200 300 00 500 600 700 0D 900 1000 100 200 00 400 500 600 700 800 900 1000

mby mb

Figure 79. a, left) The compression ratios for the Eta-12 temperature field at different pressure levels with
controlled precision (maximum error <0.125 K). b, right) Average errors for the temperature field at different
pressure levels for the same compression ratios.
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The compression test was done on an 850-MHz Pentium |11 desktop computer. The average compression time to
encode each field (2.5 MB) is about 2—3 seconds.

Compared to typical lossless codecs with the same precision requirements, this codec achieves 2—6 times higher
compressionratios. Itimpliesthat for atypical model output sizedat 1 GB, if transmitted over a1l Mbpscommunication
channel, the transmission time can be reduced from about 2.8 hours to about half an hour.

The presented data compression scheme is asymmetric by nature, in that it takes more time to encode the data than
todecodethem. Thisisbeneficial inthepractical implementation, sincethereisusually more computing power inthe
encoding machine than in the decoding machine.

Projections
In 2003, continued development on the data compression scheme will focus on the following.

The approach to control the maximum round off error is computationally simple, or somewhat ad hoc. Itisfeasible
with our current operational environment; however, anideal algorithm should be ableto find the best bitsallocation
that minimizesthe maximum error. An efficient algorithm that can carry thisout would be very useful both in theory
and in practice. The verticaly and timely adjacent frames are highly correlated. Current results only reflect the
compression performance of this scheme on the two-dimensional field (in the horizontal plane). Three- or four-
dimensional separable wavel et transforms can be applied to the volume data. To meet the robust (error propagation
control) requirement, each partitioned group of coefficientscan possibly beencoded individually into anindependent
bitstream to build amore error-resilient codec.

Theabovetechnology will feed directly intothe project'sworkstation devel opments. Compressionratiosof theabove
magnitudenow allow for sending high-resol utionforecast model s(withtypical model outputssizedat 1 GB andlarger)
vialow bandwidth to an FX-Net or WorldWide Weather Workstation (W*) client in very reasonable amountsof time.
Thiswill make satellite broadcasting mechanisms (with abandwidth of 128 kbs or less) for meteorological datasets
feasible.
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Nita Fullerton, Writer-Editor/Publications Coordinator

Special Notices

Publications

Asthenumber of projectsat FSL increases, so doesthelength of thisreport. Tokeep
publishing costsat aminimum, individual bibliographiesof published articlesduring
thepast year arenolonger printedinthisdocument. A currentlist of FSL publications
isavailableatthemain FSL Website, http: //imww.fsl.noaa.gov; click on"Publications”
and then "Research Articles."

Acronyms

A current list of acronyms and terms related to projects and programs at FSL is
available at Webpage http://www-dd.fsl.noaa.gov/FIR_01_02 AcroTerms. html.
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Subscriptions
This document is available online at the FSL Website, http://www.fsl.noaa.gov,
clickon"Publications" and"FSL inReview." If younolonger wishtoreceiveahard
copy of this report, please e-mail the editor at Nita.Fullerton@noaa.gov.

Figures

Onelast measureto limit the length of thisreport isto discontinuelisting figures at
the back.
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